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Presented at the 31st Annual Convention of the 
American Institute of Electrical Engineers, 
Detroit, Mich., June 25, 1914, under the aus- 
pices of the Engineering Data Sub-Committee. 


Copyright 1914. By A.I.E.E. 


ENGINEERING DATA RELATING TO HIGH-TENSION 
TRANSMISSION SYSTEMS 


SUB-COMMITTEE REPORT PREPARED BY THE CHAIRMAN 


HE present report is an analysis of the engineering data re- 
ceived from 25 power companies, operating high-tension 
transmission systems, in answer to a printed list of questions 
prepared by the High-Tension Transmission Committee of the 
year 1912-1913, and sent by that committee to 105 power com- 
panies operating at 25,000 volts and over. 

The present Engineering Data Sub-Committee has received 
the replies to these questions and has analyzed the data therein 
contained as hereinafter presented. In making this analysis, 
the main purpose has been to present, as far as feasible, the 
data having general interest in a form which shall at the same 
time be compact and easy of assimilation. A considerable 
part of the data which is statistical has been consolidated in 
tables which show in parallel columns for the several reporting 
companies various items of interest returned. A second por- 
tion of the data received could be presented more intelligbly 
under the various topical headings to which it related, and has 
been so offered. As a matter of convenience the reporting com- 
panies have been listed, with a brief statement as to the char- 
acter of each plant and an abbreviation of the title assigned 
to it’ for the purpose of identification, to avoid the reprinting 
of the full names of companies a large number of times in the 
body of the report. In addition to the listed data, the com- 
panies have furnished a large number of blue-prints, drawings 
and maps, many of which contain valuable designs and construc- 
tional details. Much of this material has been reproduced 
in the form of cuts at the end of the report. To facilitate ex- 
amination and to economize space most of this matter has been 
redrawn to present the salient information free from non- 
significant detail. Where useful, dimensions and similar data 
have been given in the reproduced drawings. 
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The original reports returned from the companies will be on 
file at Institute headquarters and open to the inspection of any 
Institute member, should further details be desired. Further- 
more, in the list of companies below are given the name and 
address of the person by whom the report was submitted, and 
it is very possible that further information with regard to the 
apparatus or practise of that company referred to in this report, 
could be obtained by direct application to such person. 

Neither the Engineering Data Sub-Committee nor the In- 
stitute assumes any responsibility for the correctness of the in- 
formation here reported. The sub-committee has endeavored, 
however, to give a clear and fair report of the information 
offered. 

The sub-committee wishes to express its thanks and appre- 
ciation for the freedom with which companies have reported 
and to acknowledge its obligation for the large amount of per- 
sonal attention and thought which was required on the part 
of reporting engineers to answer the very comprehensive list 
of questions that was submitted. Certain reports in particular 
should receive especial mention as showing an unexpected 
amount of painstaking description and discussion of some of 
the most important and delicate problems confronting high- 
tension transmission engineers. The sub-committee believes 
that the comparison of experiences and practise herein set forth 
cannot fail to be of much value to the profession and will cer- 
tainly be of great assistance to those engineers having high- 
tension plants to establish who have not the time and 
opportunity for the extended research that is necessary in the 
case of plants of the first magnitude. 


LIST OF REPORTING COMPANIES 


100,000-VOLT GROUP 
MissIssipPI RIVER PowER Co., (Miss. P.) Keokuk, Ia.—St. Louis, Mo. 
Stone & Webster Eng. Corporation. 

The data returned cover a double trunk line electrification. It re- 
presents the very heaviest type of large capacity transmission line and 
is recently completed. The report is a most valuable one. 

GREAT WESTERN Power Co., (Gt. W’n. P.) California 

P. T. Hanscom, Asst. to the President, 233 Post St., San Francisco, 
Cal. 

The data returned cover a large capacity trunk line electrification 
across the state of California from the Sierra Nevada Mountains to the 
neighborhood of San Francisco. A very valuable report. This plant 
has been operating several years. 
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YADKIN RIVER POWER Co., (Yad. R. P.) North Carolina 
R. J. McClelland, Chief Engineer, Electric Bond & Share COa5 “il 
Broadway, New York. ‘ 
The data returned cover a trunk line electrification of medium ca- 
pacity, connecting a large hydroelectric development supplementary to a 
previously existing system, and is but recently finished. A valuable 
report. 


Paciric Gas & ELEctric Company, (Pac. G. & E.) Central Cali- 
fornia. San Francisco. 
This is one of the largest, oldest and most diversified companies in 
the country. 


CHILE EXPLORATION Co., (Ch. Ex.) Chile. 

Percy H. Thomas, Consulting Electrical Engineer, 2 Rector St., 
New York. 

This line, which is not yet in operation, is a large capacity trunk line 
for supplying power for operating a very large copper mining develop- 
ment, including the electrical refining of the metal at the mine. It is 
notable as transmitting power from a power-house at the ocean to a 
mine at an elevation of 9000 feet. 

Note. One company (‘‘X’’) did not wish its name used. It is a 
large system in a bad lightning district. It has a very large, widely 
distributed power load. 


85,000-VOLT GROUP 


‘MEXICAN LicHt & POWER Co., (Mex. L. & P.) Necaxa to the City of 
Mexico. 
C. B. Graves, General Manager, Apartado 124, bis., Mexico, D.F. 
, The data returned cover a number of transmission lines in a very 
arge system which collects power from a number of power stations and 
distributes it over a wide range of territory. This plant has been operat- 
ing for a number of years. A very full and useful report. 


APPALACHIAN POWER Co., (Ap. P.) Bluefields, W.Va. 
H. W. Buck, Viele, Blackwell & Buck, 49 Wall St., New York. 
This plant, which is very modern, illustrates the problem of the dis- 
tribution of power in moderate quantities to a distributed load. It has 
been operating but a short time. A valuable report. 


SOUTHERN SIERRAS POWER Co., (Sou. S. P.) Southern part of Cali- 
fornia. 
R. G. Manifold, Engineer, Riverside, Cal. 

The data returned covera high-voltage construction for an extremely 
long-distance transmission operated in conjunction with a previously 
existing system of large extent. It operates at present at a lower voltage 
than ultimately contemplated. A valuable report. 


PENNSYLVANIA WATER & POWER Co., (Pa. W. &. P.) Holtwood to 
City of Baltimore. 
J. A. Walls, Chief Engineer, Baltimore, Md. 
The data returned cover a heavy trunk line electrification in a very 
difficult lightning district, receiving power from the well-known Susque- 
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hanna River hydroelectric development. The engineering of this line 
has been particularly carefully worked out and the report is especially 
full and valuable. 


60,000-VOLT GROUP 


WASHINGTON WATER POWER Co., (Wash. W.P.) Washington. 
O. F. Uhden, Chief Engineer, Spokane, Wash. 
The data returned cover a new trunk tower transmission line and 
also standard 60,000-volt wood pole construction. This is part of a 
very large and widely distributed system. A valuable report. 


TORONTO POWER Co., (Tor. P.) Ontario. Canada. 
F. G. Clark, Chief Engineer, Toronto, Ont., Canada. 
This is a large-capacity trunk line through a bad lightning dis- 
trict, from Niagara Falls to Toronto. A good report. 


SAN JOAQUIN LicHT & POWER Corp., (San. J. L. & P.) California. 
Lloyd N. Pearl, General Superintendent, Fresno, Cal. 
This is a widely spread distribution system using wooden poles in the 
Southern Central district of Calitornia. A particularly dry climate. 


NiAGARA, LOCKPorT & ONTARIO POWER Co., (Niag. L. & O.P.) West- 
ern New York. 
L. C. Nicholson, Marine Bank Building, Buffalo, N.Y. 

This is a double trunk line through the western part of New York 
Stateina very bad lightning district. This plant has been in operation 
a number of years and its engineering has been very carefully studied. 
A valuable report. 


PORTLAND Raitway, Ligut & PoWER Co., (Port. R.L. & P.) Oregon. 
O. B. Coldwell, General Superintendent, Broadway, Portland, Ore. 
The data returned. cover some of the more modern construction of an 


extensive generating and distribution system of large capacity. A valu- 
able report. 


SOUTHERN CALIFORNIA EpIson Co., (Sou. C.E.) California. 
J. A. Lighthipe, Los Angeles, Cal. 
The data returned cover a portion of a large and well-known system 
feeding into Los Angeles, Cal. 


CHIPPEWA VALLEY RaILway, LicHT & POWER Co., (Ch’a. V.R.L. & 
P.) Wisconsin. 
Eau Claire, Wis. 
WESTERN STATES GAs & ELECTRIC Co., (W. St’s. G. & E.) California. 
Stockton, Cal. 
The data returned cover an extensive distribution system in Central 
California. Wood-pole type of construction. 


PUGET SounD Traction, Licut & PowER Co. (P.S.T.L. & P.) Wash; 
John Harisberger, M. T. Crawford, S. C. Lindsay, Seattle, Wash. 
The data returned cover a large generating distribution system 
around Seattle, with modern transmission lines. A portion of the plant 
has been in operation for a number of years. 
City or SeattLe Lre. Dept.(City S. L. Dpt.) J. D. Ross. ‘Cantiie. Wash. 


I Name of Line Frequency Length— 
Company Voltage Miles 
eee bse ee 
1 2 3 
eee 
1 Miss P. 110,000 25 144 
ee ee 
2 it. Wn. 2. 100,000 60 154 
eee 
= Yau. Re P. 100,000 60 96 
_ eee a ee =| 
* Ch. Ex. 110,000 50 87 
100,000 109.5 
5 Pac. G. & E. 60,000 60 1260 total | 
ee i 8 Ee 
6 xX 88,000 60 510 total 
1 EE Eee 
95.3+ 
fie 2. &, P- 85,000 50 75.3+ 
29.4= 
200 
2 EEE 
8 Ap. P- 88,000 60 240 total 
ee ee 
55,000 
tout oc. PB. 87,000 60 
140,000 
ie pe 
10 Pa. W. & P. 70,000 25 
——————————— 
11 Wash. W. P. 60,000 60 
(Steel Tower Line) 
12 Wash. W- P. 60,000 60 
(Wood Pole Line) 
(1 
13 Tor. P. 60,000 25 
30,000 r 650 total 
“i Sas j. L. & 2 60,000 60 
oS 
15 Niag. L. & O. P. 60,000 25 180 
57,100 33 
16 Port. Ry. L. & P. and and 153 
33 ,000 60 
ig Sew Cc. E: 60,000 50 
SEE ee eee 
18 Cty. S.L. Dpt. 60,000 60 36.4 
a 
19 Cha. V.R.L. &P. 60,000 60 119 
Ce EE 
60,000 
30 We. St’s. G. & E. 60 200 total 
#1 P.S.T.L. & R. 55,000 60 465 total | 
| 
22 Ut-t.& R. 45,000 60 40 
23 Cc. N.P. 16 
181 total 
© 
190 total 


| General Type. 


2 circuit steel towers 
2 circuit steel towers 
One circuit steel towers 


2 circuit steel towers. 


2 circuit steel towers 
_ pin type insulators. 


Wooden pole suspension 
| insulators. 


2 circuit steel tower 


2 circuit steel tower 


2 circuit steel tower 


Wood pole pin type 
insulator. 


2 circuit steel tower 


Wooden pole pin ‘type 
insulators 


One circuit steel tower 
one circuit wood. 


and wooden poles. - 


One circuit wooden 


| pole. 


One circuit wooden 


pole. 


1-circuit wooden poles. 
2-circuit steel towers. 


2 circuit steel towers 


2 circuit steel poles 


One circuit 
poles. 
2 circuit wooden poles 


2 circuit steel towers 


| Spacing of 
“ . Arrangement Conductors | Height Low- | Horizontal | Vertical Ground wires} Clearance Clearance Cles . 
evation— and Ground ; | d est Conduc- Spacing of | Spacing of lfrom Conduc-| Conductors |Conductor to Standard Standard Sag : ee Clearagce 
feet. | MK Wires. Neutral Grounded Type of Tower Character of Founda- (tor above Conductors | Conductors ors, Horizon-|to tower—no |Tower, max. Spas. on Tran Perouse at ai — over Res. in 
tions ‘ground in feet al pad Ver-|wind. wind. - ways ws Ten feet 
| | tica 
| | | 
| § 7 8 9 10 1 12 13 14 apr |. oO is | 19 -— = 
| F 3 ) 17 15 19 20 
| 500 + Conductors vertical | Peepers pores «rl ‘ a =a - a — Pee re. 
| \ground wire at peak. Dek: Keokuk only, Square top section on | 17.9 94 hori. = 
nce pyramid base : | 50 ahs 10 | 3% vert. 64 800 20) 40 50 
9.9 3 3 3 
| 
Conductors vertical eee | — =3 ™ ; - 
0 to 1500 ground wire at peak. No Square top section on | - = i e 
pyramid base 10 750 36 6 40 
Conductors vertical , = | ps : os es 5s... 
| 200 ground wire at peak. Sao point no re- Square top section on | 7# hori. 
pyramid base \ 45 15} 9 94 vert. 650 : Q 30 
i a 4 | 
round wires 3 ry et — — 
0 to 9800 | horizontal conductors Two vertical A frames Standard, earth foun- | 64 hori. 
| and cross bracing dation single stubs and 40 13 | 7 vert. 64 656 3%, at 56% 2 G 13 
| grillages s 2% 
} | 
} At generatin: d : ; 
| t Ving an ‘ 
0 to 400p many substations, no re- - a0e 
sistance | 264 
Conductors i ‘RRA ct Si PTR eae Sa ts ae | = ae - 
700 to 900 | ground wire at aoe — “om line grounded| Steel towers 72 ft. high. Earth stubs. | 500 
+ | at power houses. Square top section on by 3 ¢ Jo at 37.7° 
| r 5 18 10 500 2.8% at 37.7 2 
[tenement epeseet ja pyramid base | . - ° 
“ry 2 0o delta side by side | a — = 
) groun wire : 
10,800 re between. Bae Save points, no re- Two vertical A frames 3 hori. | 500 Lat7 
| e and cross bracing. 403 6 5} 6} vert. 23 | 750 pry . ; 
| 
Delta and wishbone | = : B | 
2000 crossarm. No Wood pole. | 28 83 8 4¢hori. 4 200 23 30 
| | 5 vert. 
t S Lgste: os side Earth stubs | | +. /; - rae a ie —— 
ower, midale 5/\beyond to t fous . : ; 
1000 to 4500; and bottom wires, ie Tages oe Re Son eed mk OB | ey Ba | tits eae 
ground wire at peak py ase. Note 24. 44 middle 263 | 10 | 54 660 
| 6 vert. 
Conductors vertical At : ro — = - 
‘ C power house only Square top section on | 
35 to 690| ground wireat peak. Note) onetrans, oneach circuit. | pyramid base | aifor. 500 34% at 25 - 
, | 44 154 7 | 53 a ss ‘ ad 
| | | 43 vert. 
—— ll i i} —— 
At generating stations 7 Psa a ; o> eer —- 
1300 to 2450 Conductors vertical | and substation no resis S : , ; | 17% | | 8$hori. 5S 
: 5 quare top section on $ tub and grillage. 2 7 5 r 
ground wire on peak. tance. pyramid Eee, ingeeee eOC Scniae | 51 fn tgi6 54 vert. 63 750 z - 
= | | 
1300 to4800| Delta and horizontal. At generating sta.and| Wood pole. | | 2% hori. ‘ a te See ‘ 
many substations no re- | | | _ 
sistance. | 34-6 vert. 379, at 70°S 2g 
| ee ta ll Ds a oo ee ee oo | 
750 to 300 Two deltas side by side = : : a 2 — 
Deléa Dex No | 7 ott, angle legs with | : | 3 hori. a 
| | foot piece Note 21. 40 6 | 6 400 32% ati 
| 12 vert. 
300 Onecircuit pole topand Yes, at all power house Wood pole | | ~- — ~— 7 
| crossarm. | and substations | 9 6 None. 350 1.4% 2 
| | 4% at 2 2 
. . =| | = bh 
: Star connected atgenerating Yes, at generating plant Steel aero-motor type | Concrete for steel towers. | | | 
station, neutral grounded, only 1000 ohms Wooden ‘A’ frame | 49 7 6 | None 550 and 220°) 3% at 15-5°C,. al: 7% at >< 96 
through 1000 ohms. | {Note 6] | | | 15-5°C. Cu 7 " . ” 
Conductors _ vertical At each generating Square top section on | 7 ft. stub and footing | \ - ¥ ae —<—— — 
400 to 50 | one side only installed | station and substation on pyramid base 2 ft. square, usually no | 5} hori. 500 2 at 70°F.3% a 
ground wire in peak | 60 cycle 57,100 volt line. concrete 48 11 6 4 vert. 4 ‘ : : F 
All Transf. Neutrals | | — oi ae 7 
grounded, no resistance | 750 2.5% at 15° 
50 to 1000 Delta with wire at Yes at one point, no re- Wood pole. - = a - _—_ 
ft. pole top. sistance 7 6 | None 450 1.6% at 1 4 48 
| 2 
800 No Steel | | 520 3% — : a 
Wood | 320 1.&€ i , : . 
Delta with wire at top | =a 176 . — - 
J of pole. Yes, no resistance Wood pole 6 5t None 265 he, 
| | 
a Se | — - — te 
0 to 900 | 1-circuit delta. No, all delta Square 4 leg. | Concrete 30 6 to 8 7 175 1to 4% 
2-circuit vertical. Flexible 2 leg. 450 ; 
| ” c : : =a = 
, At each power house, Steel towers 60 ft. high | Concrete | 
4500 Vertical planes. no resistance 40 ft. wood poles | 45 at tower 12 6 3 ft. vert. 5 ft. 2 2 2.3% at 80°C ; » 
= = = 2 = : = 
Two deltas on steel 4 in, pipe trussed and Concrete ; : 18 in. hori. 16 in. 
600 crossarms. No guyed. | 40 3 2-7/12 3. £6.) vert: 3 1.7 at 15.6% ‘ i 
—— LSSSsek = “ pens a ——— 
Delta with wire on top At each power house, Wood pole : 1 ee Sa Sa 
333 of pole no resistance 53 4-7/12 None 0 0.8% at 0°F 24 " 
ah ee -_— a. ae | ia = a a —_ ——____—_—— ——_— 
Two deltas on wooden On one line at each Wood pole . 2 ’ 
crossarms. station 30 3 i | None. 100 2 35 
[THOMAS] 
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ABLE II. 
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Do You Use 


II pee +s Do You Use any Copper | Cy acity of Capaciy ot rr os Pee Ey. 
f w Angtfes in Lines are Jovered Stee A F ydro- Steam Sta- pad on Sharging cint Com- 
Name of Company Fe abel = Sroreed: 10g Sica cae of Different Voltage | Line Drop under Load i? ha Wire or | Test on Standard Tower | Test on Special Towers. Electric tions on Sys-| System at | Current of | mittee Over- 
Temperature . onnected By specilie Sit Satisfactory? Power Sta- | tem Kw. Generators Line head Cross- 
tions on Sys- Kw, ing Specifi- 7 
eel a tem Kw, cation 
i dard anchor towe i i on | Rages: —_-—— | —_——- — - — | = - — -- -——- 
sr ct BE gg 2) pedo mpudal Geonating Red 15%—143 miles ne m ot aa be crossings Two conductors cut on Anchor towers any or | 72,000 65,000 64,000 22 amps at | Yes. = 
000 Kw deliv. at unity Snort telephone lines. | top crossarm. | all conductors cut. 7,700 110,000 
| P. B, atisfactory, 10,200 | 
6,000 
| 4,000 
2,600 
| 2,000 
. ces in insulato : > | . view i —— ——— —-_ 7 —EEE eee 
2 Gt. Wa. P ee eager gi ee keaeae 17,000 volts, 20,000 Yes, on river crossings; 40,000 11,000 50,000 48 amps. per| Yes 
: . Kw. per line P. F. BO eae satislactory, 20,000 phase. 
Sette at power house 107,200. 
. . Towers, i — | —______—_.-— ——|——__-—— 
3 Yad. R.P Dead End Towers Only by footing. Separate coil Transfor-| | 10%—5000 Kw. at re- Copper clad extra long 10,000 pull at center, | 24,000 3,750 20,000 7,300 Yes 
mers. bg end 80% P. F., 87 | spats, satisfactory. either longitudinally or | 2,500 Kv-a. 
eee a a mules. transverse. | 
FH ay Special angle Towers inari : ; 2 7 Wel--. Oi? z ie ee 
4 Ch, Ex. } Sinte st cmetiar angles sOrsinarity sia 10% with 25,000 Kw. de- 8100 lbs. longitudinal | All wires cut on angle None. 4—10,000 Partially 
. eoh hes 4 liv. P. FP. 99 lagging. on one frame with | towers, v-a 
| 6000 lbs. transverse sim- turbo geno. 
——— _—|——$ $$$ $< ultaneously. 
5 Pac.G. &E 20°F to 100°F) Not specially Auto transformers Yes,in use short time. | 9 stations 42,000 | 120,000 Yes 13 
| 400 to 25,- 
000. 
| 
Pus: © to 38° 0 30° split | Th ; i ; | — ————|— a —— 
Slee 2 0° to 38°C. Bi te Abi te pease’ se rerich ex mls coil Transfor- Yes, on telephone satis- 2 wires cut maximum 3 wires cut maximum | 24,000 8,000 105,000 No. 
| 30° divide equally on two ei factory, load conditions. load conditions on anchor | 24,000 8,000 
towers | towers. 18,000 | 8,000 
| : | 10,000 
| 8,000 
6,600 
| 2,500 
—————— 1,200 
a a - 
7 Bs ‘ Not i > —— rex " 
7 Mex. L. &P. | See Note 1 er = agocien® grounded, No. Fail when four of the | 58 ft. towers ontangent | 12 plants 3 steam 50,000 134 amps. 
2 six wires are cut. | guyed stand 6 wires cut. | 85,000 total 11,800 aie 85,000 
a ee OB | volt lines. 
5, Sp. ®. | oo ewe No 1 juctor broken. | Dead end towers all | 20,000 5,000 6,000 Kv-a ; 
} put in a coil near bottom ; conductor broken. | ead end towers a 20, DB; 5,0 Cv-a 
of pole. conductors broken. 9,000 
| 
S Up to 2° ignored 2° to No special isi : : t —_ —— 
9 Seu. S. P. | ge Sea. Alt Sa Bidudding. provision for pone coil Trans- No. 16,000 Ibs. at center of | Dead end towers 24,- 6,000 10,000 15,000 | 54 Amps Ye 
8° to 17°—1 guy crossarms will not stand | 000 lbs at center. 6,000 at 55,000 
17° to 22° —2 guys with all wires cut. 6,000 volts over 1 
over 22° heavy tower on 2,000 | tower line. 
vertical angles over 4°— 1,500 
20 ft. and Std. spans | 
dead End. 
a ee ee | 
10 Pa. W. & P. All horizontal and all Std. towers no concrete 10,000 volts drop f F cee i : on paren <a Ee 
s : : i ; p from One half cables cut, All cables cut includ. | 72,000 30,000 | 73,000 34 amps. at 
all petted vere angles meting, a Spee 70,000 volts 60,000 Kw— 15,000 lbs. horizontally | ground wire. 20,000 I on Hy- |70,000 v 
IE AERIS © de chore “ti “ a MBS. 2 lines 95% P. FB. de- across or with line. | 30,000 lbs at center across 6,000 C Elec. 
ee Se ans: livered, 300 amps, 40 miles. | or with line. 6,000 Sta. alone.-4 
11 Wash. W. P. | Steel towers grounded 4.00! | 98 Fy : 
(Steel Tower Line.) 0 tea0e © through footings only. Hote 16: 14,000 | £9,000 
| 
12 Wash. W.P. | 30 to Grounded curved guards on Seanielinesiera sU0G, leatiface a =) ro 
(Wooden Pole Line.) | +120° F. |insideof curve wooden poles. i! eaygentieraabory 
13. Tor. P. =O Ko - Up to 15° L ce Std. _In dry location copper 20% at 15,000 Kw. One broken cable 2700 | Anchor and _ angle | 102,000 at 12,000 at 150,000 at | 6 iti or 
} + 110°F | towers, over 15° special | ribbons extending 8 to 12 85% P.F. lbs. with reasonable | towers all conductors | Niagara Toronto | Toronto through 
angle towers. ft. into ground. factor of safety. broken. 6,000 D. C.| 20,000 at Line 
| | Niagara. 
| a : — 
14. San Jo%..'& P- 20 to 110° F Note 2. No ground wire on Separate coil trans- 15%, load distributed No. Wooden pole, 2 conduc- | 16,000 15,000 20,000 140 amps Yes 
; | poles. formers. at 3 points along line. tors broken. | | 6,000 
| : 1,500 
; “ : | 2,000 
15 Niag. L & O. P. '—10tol110°F.| Use self susttined or Galvanized iron strap Separate coil trans- No. Single circuit strain | 75,000 6,500 70,000 40 amps Ve 
} guyed towers at ends of | 3” x 1/6 and 4 ft. under | formers. towers, all three wires. | Niagara 
- tangents, if necessary for | ground buried in coke. Other towers one wire. 
clearance, thirdtoweradded | 
16 Port. R. L. & P. | Oto ‘Angles to 20° without Special ground plate on Separate coil trans- No. Note 18. | 7,200 12,500 45,000 ; 
100°F. special construction. some of steel towers. formers. | 14,250 1,000 | 1 hr. peak. 
9,900 6,000 
| | 11,250 2,500 
17 Son. C.F. | 30 to _. Double construction on No special precautions. Separate coil trans- No. One wire cut. | 3,000 10,000 ’ 55,000 8,000 Kv-a. 
100°R. heavy angles. formers. oo 47,000 
3,25 | 
s | 630 | 
| 500 
| 20,000 
18 Cty 8. L. Dpt. 0 to Double construction 2420 volts with 9000 No. All conductors cut on | 15,000 None. | 10,500 13} amps 
100°F. maximum deflection at Kw. delivered at 95% one side. 
— point of support is P. F. one line. 
Qe 
i: an ©: \e- Oa oe Oo. Grounded through 17 In one case auto-trans- 6000 volts for 3500 No. 5,000 6,406 . ae 
in. iron pipe but only | formers. Kw.—25 miles, 75% P.F. ‘ 1,200 | ts. 
with concrete footings. 600 
| 2,000 
le 4 a ad . 
20 We. St’s. G. & E. 1 ground rod at each Separate coil trans- | 3,000 2.250 
| tower. formers. 
Bt Page S Tab. Pe | +20 to Through foundations : Separate coil trans- Not over 10 per cent, hr , on telephone; | exer 12,000 68 000 
| 90°F | only. ormers. satistactory. | 3 4,500 
| S: } reer es id 11,500 3,000 
| 15,000 
j 1,500 
oo. Did: ge. —5 to : Soldered connection to] At substations common 5000 for 6000 Kw. at Yes, on trial. All wires cut. | 6,000 8,000 | 20,000 1,00 v-a Yes 
z 60°F. Wy ea ©” | ground rod below concrete.| secondary bus. 80% P. F. 40 miles | 3,000 8,000 
B 40,000 volts delivered. 1,600 ) 
es 1,500 
8,000 
: ae ae | aaa . —_—— 
z YP F . A A Through anchor bolts Separate coil trans- 1300 volts for 10,250 Yes, on 2200 ft. span. Yes 
Seen OOF. eee 4 eS ei. tak. in concrete foundations. formers. w. . F. at receiving | 
ing part of turn on each 87.5% length 85,000 : 
tower. 3 _ it a 
ee _———_— | a | , - ee: : iy v 
. it. P. & EB. Four stations,| One station, | 8,500 Yes. 
24 Mt. Whit. P. ao | capacity not | capacity not 
given. given. | 
—— 2a ees oe a 
emma SGENnaitinaaaa IES — —— . 
. y > 
25 Un. T- —20 ta Ld dead Auto-transformers. No | | es 
100°F. end on strain insulators. 
[THOMAS] 
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Conductor Elastic Ulti i mtn Pe RH ets 
I Il Name Size Limit Strenath Modules Maximum fee Elastic Ultimate Maximum Ice Maximum 
i of and Assumed Assumed — Working tS) f Limit Strength Modula s Working Range of and Wind 
Company Material port ¢| Tanner ae Biche Wire Assumed Assumed oe of Strength Temparatare Sleet Condition 
» Ina ol : Rie ea Tv ticit 3s as e ; 
eae ae ve —Prgr Sq.in. Elasticity Sq. In. ps sq. 1: * Sa tn. asticity Bain. ssume ssume for Cables 
’ i ' } . —— | $< $$. | —— 8 EE z E 
“ae Se Seay wee OT jin. “Siemens Martin"| 50,000 | 75,000 29 x 108 —24.5 C 
1 Miss. P. copper 300,000 cm. ,000 .. | 60,000 12 x 108 ‘| artin 50, ; x .5 C to 4 in. on 6lbs. per sq. ft. pro- 
5 galv. steel st ' 41.5C aoe at | jected area at 15°C, with 
SO nae ees i es ee —— =e cate , née ice, 
2 Gt. Wn. P. No. 000—7 Std. hard >| - | Fae oan nd : 
drawn copper. / 
3 Yad. R. P PL ge cee” Hartt aa 57 _ ed St. ne Mactaie'|, . Bane tha call a +i oul a. a 
5 . rawn copper, no core.. ( 00 b % in. € artin or thecable in. on 5! mile win itt 
; PP ees) ¢ ; ae y | 12 x 108 25,500 galv. Steel strand. eat by test radius. sleet at O°F. arz 
[ee ——  / ; : 000. 
‘ 34,000 by 6,900 b co Marte =; aes — — — ee 
4 Ch. Ex: No. 000 copper. test test. ‘a 20.2.10 by. 22,000 & in. “Siemens Martin’’| 4000 by test] 8,900by test} 29 x 108 —5°C to 30 ibs. on flat sur- 
' galv. steel strand. Hb°C, None. faces, 18.75 on projected 
sa ce ee nile diameter. 
5 Pac. G. & E. All sizes copper and nate — —|— es, sii y= es eS .. ie a Soe 
, aluminum. 20°F to 100°F 
ts ; No. 0 copper ¥ = =~) a ese” = =e 
(he 88,000 { No. 00 copper) 26,800 48,000 16 x 108 pe uty “Siemens Martin.” O°F to 100°F. %# in on 8 lbs. per sq. ft. pro- 
: equiv. 7 std alum radius. jected area. 
No. 000 copper, 6 strand) 35,000 55,000; aa al 15 x 108 = = — ces a 
%) Mex. L.c& P: emp center. 38,000 by Test Noo 11 OF by of Hane, ~ OSC to 50°C. No. sleet 18 lbs. on projected 
gu) test. | 50,600 No. | test. and 2 a aati 22 x 10" area—at O0°C, velocity 
os 000 53,100. | ; it 65 miles actual. 
. ae ; 14,000 Sarna, 1: Cat - — —|-____—— 8 
8 Ap. P. No. 0, 7 Std Alum. | by test 7x 108 t 30,000 by 4 in. on rea 
16,000. test. 25 x 108 radius ice 
@ std: alum. outside-+~At:14-000-—- Steer 214 Sma asia (ex = ae! ee a Seer! Le ; 
2) Sous SP: --and 1 steel core, each | St. 130,000 “ mee a aac gin. “Siemens Martin’ For. the 4 in. on 11.7 lbs. on proj. area 
35,285 cm. ; galv. steel strand. cable 6800. 0° to 130°F. | radius With ice at O°F 70 mil 
r . “| 3 yp. ™ actual. 
15,700 by | 25,500 by | _ a | ; | | | | _ = 
10 Pa. W. & P. test. test. : a ps3 ie sin. “Siemens Martin’’ 53,000, for 95°C. to 3 in. on 15 lbs. proj. area with 
aie A ht e galv. steel strand. ye ae 50°C. radius fee at —25°C. 
—_ nee > oe 6800. 
Ad wea: ae ) Fi Sie a : ——. erat ; ' = 
teel Tower Line) (Note 16 in. “Siemens Martin” —30°F to | 08 Ibs: per] * 0.63 lbs. per ft. for all 
: ) galv. steel strand. 120° F ft.for all sizes] sizes c: ‘a forint. . 
= a atin vied pa ‘ conductors. 
12 Wash. W. P. bb ® § and 7% in, ‘Siemens —30 to 0.81b. pet! | 0.63 Ibs. per ft. for all 
(Wooden Pole Line) Martin” galv. strand. + 120° F. |ft. for all sizes| gizes conductors. 
z ‘ = a a E2235 5S) (es be conductors. 
‘or. P: iz We | fin. ‘‘Siemens Martin’ | For cable For the cable —=20° i | ee ; 
13 Tor 13 ‘ 29,000 47,800 16 x 108 galv. skecl Minds 5750 9800. ace to an Re on Fine area with 
7. 27,500 Ea ico ale i 
Ad ASan J.-L &- 2. Ate 12 0° to 50°C. No ice 8 lbs. on proj. area at 
; fee None. oC. 
Py 2,000 cm.—19 std. | 12500 (25,000 —(| 9x 108 = -- 
_ 8,000 cm.—19 std. | 30,000 - 58,000 16x 108 - he 3 in. on (15 lbs. on proj. area 
—— p0e0. cm.—7 std. p Noite } i. to | radius. with ice at—40°F. 
r | aluminum \ ? 
,, ; o. 4 copper 7 std. 
: ’ R c i 4 
250,000 cm.—19 std. 33,000 | 60,000 ‘| 16x 106 ' a dee Wa eer — —> 
i) | hard drawn copper bs whee rae 3.400 For the cable] _ A ; 4 in. on |§ 10.6 lbs. on proj. area 
foe Port. -RopLe ee on steel tower lines. : _" cable 3,400. /° '6800. 27x 10 —25° ~ to | radius. | With ice at—25°F., velo- 
; ai 125°F city 70 mi. (indic). 
: oe ER es hy, ees Bs | See eee eee : : Let Mitel Ah BS, ee 
Le "Scas GC. Ee: | No 0000 copper 12 x 108 oa ae 
. | pp : * : 20 to 120°F. No ice. 30 lbs. in proj. at 
z Hi a eee eee) eee Pot ee Se 0°F. 
| Noo“ std. 45,000 60,000. . | 16x 108 : ‘. yt Te OTA DOE ERT MRE = pS Px 
| ar’ rawn copper. ; “ in. fon 12 s. per sq. ft. pro- 
haw a _ None. 0° to 100°F | radius. nce area at O°F and 
: = : —— — — im. ice. 
v7 ms _ No. 4 hard drawn solid a 
_ copper. © 
No. 1 alum. a rt 
No. 4 copper. 
No. 4 solid; No. 0000— . 
19 strand medium hard 30,000 55,000 16x10¢ — Pelee 0° 
| drawn copper; No. 00 | copper, copper; 9 x 106 Wr ane “ 7 : m4, 
and 0000—7 std. alum. | 12,000 alum.) 25,000 alum. 100° F No ice 50 mile wind at 0°F 
No. 0 hard drawn | ' {| pee z t ooh aa eee eee 5 5 
stranded, No. 1 solid. | 35,000 60,000 28,000 °5/16 in. galv. steel strand | 40, 000 70,000 110°R 3 eae en mk 
nw | a 
500,000 cm. std. al.; | 14,000, by Pe Saale Maa 5/16 in. galv. steel wire 30,000,by test] 50,000, by test Reh aka ae 
| 19 strands copper clad oan on 25,000 9 x 108 6000 on ctraeatls ak Sica ieee x 100 0—90F ge on proj area 
No. 10 on long span. | strands 15 ; é > Vie ~.. | 40,000 80,000 a ae 
No. 2 copper, No. 6 Lom 1 * —o = it |S ee ——— —_——— 
steel core aluminum. 34,000 | | “s 20—120° F. Noice, bg gee on proj. area at 
| Nos. 102.8 & oe 2 - , 
solid copper- 
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i a 5,00 . oor pve Are Tanks | Is oil from : 
. hte ' IV 1) ia LB as Ee oe a outdoor |High-tension | Are Current How far are | How far are How is How _is 
. ox : Company switches or ee sie SFR utdoor limiting re- | Is telephone | _ telephone telephone Size and Material of Telephone | Power Line How are users of 
rat ah te ; m00Wcu cack sub-stations |lytic ctro- |Transformers|actances used| lines same | wires S¢Para-| wires spaced Telephone Wire Line Transposed |telephone Line Protected 
er oe e oe eo ytic arresters| Tested reg- | If so how? poles or | ted fromline apart. Transposed 
j = 2 x pected ularly Towers conductors 
ee <~ Yi : , i 4 ~ 
. Sn 1 Miss. Pe. mal nsas. | whine Nota 12." _ Septante it Smnae Sin No.8 copper Every peer gies 
; Pas e reneces Bet’n groups | wooden 625 tt. 
OE f of generators | poles 
oe i ‘ ow £ B's t 5 ‘ . i ‘ ‘ 
2 Gt. Wn. P. Metacecn dts cn’ te No Y 20 ft 12 vapieh cate Mi a a ely ze Sl oS: 
es . in. tower arrest, insula’ S., 
Fen 22,000 volts | Transformer Insulating stools 
ells Painted All oil Bf i 
3 Yad.R. P.. ‘ 3 Separate | 500 ft. to | 16 in. 6 - 
s+ OG @? a wish = ehvadl white pene ve, No poles 1 mile No. 8 copper clad Every 8th Two Insulating stools, in u- 
Dall hy treated reeks cy pole times lating transf. 
: = - 2 ; ee) vol necessary i 
° otal — yt | ee eee —— 
4 Ch. Ex. No. Not yet No No 180 ft. No. 10 copper Two complete 
— operating transpositions 
- —_ < ee 
5 Pac. G. & E. Yes. No Yes Yes 4 12in. Separate About Insulating transf, and 
“ ; insulators every 8 stools 
35 ‘ wherever miles 
. z 2 possible 
—— Pee Se aa Ais wakes IF AP ote eee ot 
i es Pe at AL Separate — No. 10 galv. iron, No. 8 Every Not Insulated stools 
| 6 x il a ¢ over Vo Yes Yes No poles 60 ft. 32 in. copper clad third pole transposed 
Sarees z tiats ae (eeteuie: Net.) Se 
: | 1 Circuit No. 10 solid copper Every 17 times 
, ‘7 Mex! vei None yes,lcircuit | 11 ft. 30in. 500 ft. Necaxa to 
‘ ~ on separate : Mexico City 
poles : 
Sy Svea 
8 Ap. F. r Yes No Yes 10 ft. Sin. No. 8B. & S. steel. Every None Insulating transformer 
t aa: = ES Pines tad nemtag a = other pole 
i Dee hry i is All sub- | Transf. no; No Se : 364 i i io 
: thong Sa : parate Average | 36in. No. 6. medium hard Every 3 com- No special precautions 
; + 9 Sou. be. _ stations out- ae arrest, poles one mile drawn copper half mile plete trans- 
feces SS oors. primed pia away positions 
— zi Perse 26 ae In —— ww eS. | le 
| mt &P Yes, Note 13 Separate | 25 ft. from | 12 in. No.12B. & S. No. 9 B. Lightning arrest and 
: : Boner oe wooden poles | tel. poles to & S hard drawn copper Note 9 2-120° trans-| fuses insulating trans. 
. Parez 2 i ; ; Saicsii as towers positions | at Baltimore ; 
j ; . Every high Note 10 Insulating transf. 
il Was ee eek No No No 12 in. No.9 iron. tension trans- 
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; 3 times a mile 
a ST. Ls Pe: No’ Yes 15 ft. ae 26 in No. 12 copper, Every 750 Every 5 Transformers, ground 
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Non None No Yes 12 ft. 30 in No. 9 galv. iron Every Every 14 Insulating transf. 
tower to 3 miles 
No Yes ! 7 ft. eaem: tt: No. 10 iron, No. 12 cop- Every 3rd} 2 Complete Insulating platform 
cf | wer ae per pole in 16 miles ; 
; : feel UR pep PeNE is _ > > ee ee pet eS ee a 
a es ts ops with “in i oe tS No. 12 E. B. B. steel None Insulating transf. 
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11 Wash. W. P. __ 
(Steel Tower Line) 


12 Wash. W. P. 
(Wooden Pole Line) 


14 San. J.L. & P. 


15 Niag. L. & O. P. Co. 


= 


No. 1053, Porcelain 


String-6 R. Th. 1113 
Porcelain 


O. B. 7742, Locke 358 
Porcelain. 


“Type Type 
and and 
Maker Maker 
Standard Strain 
Insulator Insulator 
ne 7-Ohio Brass Por- String-8-O.B. Porcelain 
celain Dwg. $650 Dwg. 8650. 


R. Th. 1063, 1060, O.B. 


Ske sega L.-371, L-620, Locke273 


Sy 


R. Th. 1113, Porcelain 


Test 
of 


Standard 
Insulator 
Dry 


440,000 


70,000 on each disc. 


87,000 volts on each disc. 


Locke 3326 Locke 3326 
All kinds. Largely O. B. St andard 


String, 4 Locke 2298 String 5, Locke 2298 
2052 


Thomas Thomas 2052. 
R. Th. 2 Petticoat 173” : 
x 21” and 3 Petticoat Pin type. 


18}” x 21” Porcelain. 


tring 2 . 1053 
with et eet with hood Porcelain. 


String 6, Locke 2036 € 
O. B. 10567, Porcelain| Porcelain 


String 6 O. B. 10567 


String 4-0 0.B. 10566 | String 5 O. B. 10566 


Locke 341 and 351, O. B. 5—O. B. 10566 
9418; R. Thomas 60,000 : 
volt i 
; R. Thomas 3037 pin String 4—Locke 2036 
type Porcelain. Porcelain. 
Locke 360 Pgh. H. V. | String 2—Locke 273 
No. 189, Brown Porcelain | 3—R. Th 1060. 


Practically none used. 


String 4-O. B. 10566 


String-5-R. Th. 1053 


Locke 2036, O. B. 10567 


| On discs 4000 Ibs., 75,000. 
y1 ra 


435,000 flash over—indi- 
vidual discs 91,000 


Flashover 


95,000 volts for 10 min. 
per Disc, mech test 8000 
lbs. 


90 % of arc over voltage 
5 forminutes 


Strings 5 units 310,000, 
discs 65,000-3 min. also 
4000 bs., ultimate 
strengh 8500 lbs. 


Disc 85,000 


PinType 180,000 


Note 17 


180,000 volts five min- 
utes 


220,000 | 


\ 


4000 lbs. mech. Disc. 
90,000-105,)00 flashover. 


Test on shell 60,000 & 
50,000, assembled 150,000 


| 180,000 volts 


120, 000 volts. 


Test 
of 
St andard 
Insulator 
Wet 


ees 


330,000 


leaps Some escenencioese-senees f 
eee ee 


48,000 on each disc. 


ee ee ee 


300,000 volts. 


ee ee. 


45,000 for 5 min. per disc. 
mech, test 8000 lbs. 


a 


120,000 with clear water 
55,000 with alkaline mud 
on petticoats. 


String of 5 units 210,000 


Discs 59,000 


Pin Type 118,000 


Twice line voltage on 


complete insulator. 


140,000 


120,000 volts. 


132,000 


100,000 volts 


Test 
of 
Strain 


Insulator 
Dry 


440,000 


85,000 volts on each disc. 


All units for suspension 
and strain at just below 
flashover 


Flashover 


95,000 volts for 10 min. 
per Disc, 


90 % of arc over voltage 
5 minutes. 


String of 6 units 340,000 


discs 85,00U-3 minutes 
6000 lbs., ult. strength 
12,000 lbs. 


Discs 85,000 


120,000 and 150,000 


Note 17. 


a 
SS 


120,000 


On discs 4000 lbs., 75,000 
volts, 


60,000 


2 in. gap for 40,000 


Daily, two sets resist- 


| ance on trial 


iediaaseiontas ai < 
penal = 
D 
o the How often are Electro- 
Type and Number | Always dis- | lytics charged. Is it | Number Principal of fusties 
of Arresters Setting charge when thiough resistance? | of Causes Injured Y. rT 
5 on | of one line wire Lightning Storms of a. Peanund. 
ystem Gaps _ is grounded Trouble b. cracked by arc. 
| 
Electrolytic, 5-3 pole on Minimum gap 8 jn, i i oe | x 
_ each line Daily, through resistance | 
| Electrolytic, cut out of = Segre ey 
Jectrolytic, cutout of | | il i | 
service no lightning 1 yearly Failure of insulators | 4-1 string. 
. 
——_—— ———— Sats ee 
10 to 15% over norma) | Twice daily, resistance 5 
potential | No | being installed. Seldom Lightning ist a oe 
| me ee Se 
2-sets horn gaps with re- | | poems 
sistance 
. 
- _——— = =- es ue 
Few plain horn gaps 50% to 100% over normal Poles burning from leak-| 
potential No | One or two. | age over insulators 
’ ; —_— ae pe 
27 Al cell electrolytic | 50% over normal potential | Yes Every twentyfour hours, 55 at one point 75 on | Lightning 
no resistance system as a whole 
Electrolytic, 180 cells at Just above maximum | a-9 le . 
7 stations. voltage. See note 3. Yes | Daily, no resistance 2a week , 14 to “ye es 
| 
Electrolytic, 4 total 125% of line voltage Yes Daily no resistance 2a week wa few 
; . : 3 times daily, in hot wea- ea —-—s 
Electrolytic, 4-3 pole | 120% of line voltage ther, Primes ta cold, no 14 a year 
resistance 
ee ee aa ee | 
Daily, no resistance yet, 200 storms along line Note 4 - 
a . . but resistance will now be| in 1912. b-120—1911 
ectrolytic, 2-3 pole 44 in. gap. | Yes | used 64 191 
64—1912 
216—1913 
40 Electrolytic on total Set where normal vol- Yes > Daily, 4400 ohms per le 10 12 rear f 
system tage cease to start an arc. on 2258 sets. ag tens. see 
EE ee 
Resistances will be in- | ‘ss 7 
stalled. | 
| 
| | 
11 sets Electrolytic 44 in. gap. 9058. ichtnine <est va , 
Yes | Daily, resistance used, 30 to 40 licious mischief enn St Note 7 
| | Lis 
5 ; | 3 times daily in summer 
Multigap and electrolytic | 125% of normal voltage Yes de- 2 times in Winter, reat | a2 / Note 5 = aoe 
cidedly ance used. ; <i aie 
Electrolytic and horn | 150% of normal voltage | J 6 
E Note 6. 
gaps, 2sets Electro.; 9 sets Electrolyt a | t ) a-5 to 20 
ene H ee Weekly, no resistance | 50 b-Practically none. 
el ee = 
Electrolytic, 13 sets 115% of normal voltage Sometimes Daily, no resistance 1 yearly 
Electrolytic | Daily, no resistance 2to4. 
| | 
4 Electrolytic 12%,set to barely dis- pai i — ~-_— % we 
> : Yau y—no resistance now 8) 
charge during switching | but we are going to install i om Hunters and blasting — 
: them. aunters and blasting Eo 
-none 
|. 4\8t 2a 
4 3 times daily ins oe : ne al 
9 Multigap and electro- Yes 2 times in wister fo ad 10 to 12 Broken insu ators 100% a-about 20 
lytic. sistance. b-about 40 
eA AS Ee 
Se 
None 
23 Electrolytic 3.55 in. Yes | Daily. no resistance 


3 yearly 


Note 20 


| Practically none 
; 
a ae 


Line troubleon U.P. & 9-15 2 
L. Co's lines-75% it he 


me 
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25,000-50,000-VOLT GROUP 


Utan Licut & Rattway Co., (Ut. L. Ga lNe)en UiGale 
O. A. Honnold, Electrical Engineer, Salt Lake City, Utah. 
The data returned cover a portion of a very extensive system center- 
ing around Salt Lake City, Utah. 


CANADIAN NIAGARA Power Co., (C.N.P.) Niagara Falls, Canada, and 
Buffalo. 
L. E. Imlay, Superintendent, Niagara Falls, N.Y. 
The data returned cover a trunk line from Niagara Falls, Canada, to 
Buffalo. It represents four heavy capacity lines, partis of which have 
been in operation a number of years. 


Mr. WHITNEY PowER & Etvecrtric Co., (Mt. Wihiyee a cane alia 
fornia. . 
Fred G. Hamilton, Superintendent, W.D., Visalia, Cal. 
A transmission distributing company located in irrigating district of 
Central Southern California. 
UNION TRACTION Co. (Un. T.) Indiana. 


G. H. Kelsay, Anderson, Ind. 
The data returned cover construction of an interurban electric rail- 


way system of wide extent. 
TABLES 
Tables I to V, inclusive, herewith, give statistical information 
as to the several companies and are self-explanatory. Where 
the information submitted has been too extended to incor- 
porate in the table, it is given in the following notes. 
NOTES REFERRED TO IN TABLES 


Note 1. Angles are turned by shortening standard spans and taking only part of angles 
exceeding 10 deg. on any one pole. Below 10 deg. the following table is used: 


Angle Span 

O deg. 600 ft. tangent. 
2 500 
4 400 
6 300 
o 200 
84 100 

10 50 


On angles over 50 deg. the last tangent span is made 300 ft.—the first and last angle 
spans are 50 ft. with an angle of 5 deg., and subsequent spans are 50 ft. with 10 deg. angle 


each. 
Vertical angles are similarly handled. 


Note 2. Right angles and heavy angle corners are turned by specially guyed dead-end 
—angles under 10 deg. turned by standard poles guyed, and angles 


poles, Fig. 6, ‘ 
Vertical angles are not specially con- 


from 10 to 30 deg. are made on two or more poles. 
structed except as to guying. 


Note 3. Mex. L. & P. reports that the altitude isimportant. Gaps are set as follows:— 
Necaxa, altitude 2950 ft., voltage 85,000, gap 6 in.; El Oro, altitude S000 ft., voltage 
81,000, gap 6in.; Pachuca, altitude 8000 ft., voltage 84,000, gap 7 in. 
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Note 4. Lumping together total interruptions and partial interruptions, and in the 
latter including even minor losses of load, such, for instance, as a direct-current breaker on a 
synchronous motor-generator set opening up, although the synchronous apparatus holds 
in, we have the following percentages:— 


Lightings. ce. s eno tatoo 0 50 per cent 
Distributing cables........ 25 5 
Miscellaneous ....0 6+. <i» ov 25 “_including buzzards 


on transmission line, 
operators’ faults, and machinery 


breakdowns. 
Norte 5. Floods and washouts on line.........-.-.-++- 50 per cent 
Pole tops burning off or failure of insulators. ..25 : 
Errors dil OPELabiOn: oc <e.ace cee 6 olan w ster = 5 re 
Malicious mterferences.cc.e5 cscs me ot nae 20 . 
Note 6. Ted oysahe sf OAn eee. cone, een Orr 70 per cent approx. 
Wind, “cain, <sleét;) etc.,.2. 2.22220 4% * 
Tnterferemee),, cic .teitle stem area ot 5 = ¥ 
BPPOrsy; es saree onl erent 5 * ce 
Miscellancous)..ci6e0csasnaeons 10 be Fe 


Note 7. a. 1907—1912, possibly 10 or 12. 
1912, possibly 10 or 12. 
1913, possibly 5. 


It is almost impossible to tell whether these insulators were punctured resulting in their 
breaking, or whether they cracked due to a spill-over and then punctured. With the new 
insulator or Hirt type very little damage can be done by spill-over. 

b. From 1907—1912, about 150 insulators lost. : 
1912—about 75 insulators lost, and about 200 others changed on account of 
cracks. 
1913, about 200 insulators changed on account of cracks and probably 50 
insulators lost. 


‘ 

Nore 8. The telephone system is protected by:— 

a. A No. 8 steel ground wire carried on the same crossarm as the telephone wires, and on 
the side toward the transmission line. 

b. Drain coils at terminals and at the two substations. 

ec. Vacuum arresters and spark gap at all telephone stations permanently connected to 
line. Aluminum cell arresters at terminals and at Hulls substation. 

d. Insulating transformers at power house and substations. 


Note 9. Telephone wires transposed according to “A”, “B’’-''C’-"B” system. ‘“‘A’’ 
transposition between pairs; ‘‘B’’ and ‘'C”’ transposition between wires of each pair. . 

Nore 10. No standard distance for transposition. Our 28-mile two-circuit tower line 
has three complete cycles in each circuit. The majority of pole lines have a transposition 
every mile (one cycle every three miles). Where our high-tension lines parallel foreign 
telephone or telegraph lines, transpositions are made every 1/3 mile. 


Note 11. Long fuses (30 inches long) with spark gap to ground. At all stations 
‘bleeder '’ coils with middle point grounded are installed. Operator must stand on in- 
sulated platform to use telephone. 


Note 12. Reactance coils are used in main low-tension buses in the power house between 
groups of generators. 


Note 13. Between the low-tension bus and the transformers at the power house, and 
between certain sections of the bus at the power house and at the substation. 

Short-circuit current on transmission line at full voltage in power house, right outside the 
power house, is about 5 to 6 times normal full load current at start. 
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Without these reactances the starting wave of the short-circuit current at the same point 
would be about 8 to 9 times full load current. 
No objectionable features. These coils have been in service all year 1912 and 1913. 


Norte 14. The coils will be located between sections of 12,000-volt generator busbars and 
will limit the flow of current to the capacity of the bus section which it protects. 


Note 15. Coils will have 6 per cent reactance, and will be placed close to terminals of the 
12,000- and 15,000-kw. steam turbines. 


Note 16. The factor of safety of new poles is entirely up to the judgment of the 
designing engineer, and depends greatly on the climate, kind of soil and economic con- 
ditions. Our towers were built to stand if all conductors were cut on one side, and no 
allowance was made for the tendency of the ground wires to support the tower. 


Specifications for Towers. 


Each crossarm will be sufficiently strong to withstand a horizontal strain in any direction 
applied at the end of the crossarm of 5000 pounds; and a vertical strain applied at the end 
of the crossarm of 1000 pounds. 

Each ground wire support will be sufficiently strong to withstand a horizontal strain in the 
direction of the line of 8000 pounds and a vertical strain of 1000 pounds. 

Each tower will be sufficiently strong to successfully resist the turning moment due to the 
application of a horizontal strain in the direction of the line of 5500 pounds applied at 
the point of support of either ground wire; also of a horizontal strain in any direction of 
3000 pounds applied to the points of support of any three of the conducting wires. It will 
also be sufficiently strong to successfully resist an overturning due to a strain parallel with 
the line of 5500 pounds applied at the points of support of the two ground wires or a total of 
11,000 pounds; also to a strain at right angles to the line of 5000 pounds applied at the points 
of support of the two ground wires or a total of 10,000 pounds; also to a strain of 9000 pounds 
in the direction of the line, which load will be considered as concentrated at the intersection 
of the middle crossarm and the center line of the tower, and simultaneously a horizontal 
strain of 500 pounds at the points of support of each of the six conducting wires and two 
ground wires or a total of 4000 pounds, which strain will bein a direction transverse to that 
of the line; also of a stress of 12,000 pounds applied horizontally at center of gravity of wires 
either at right angles or paralle’ to the line. Accompanying the above mentioned 
horizontal stresses will be a vertical downward strain of 500 pounds applied to each of 
the supports of the six conducting wires and two ground wires. 

In addition to the above specified stresses each tower will be subjected to stresses due to 
its own weight and to a wind pressure in a horizontal direction of twenty pounds per square 
foot on the superficial area of the tower. The strength of each tower will be sufficient to 
resist the combined action of all of the above stresses without permanent distortion. 


Note 17. Old insulators assembled test 120,000 volts for 1 min. New insulators, each 
disk tested with a low capacity transformer having steep wave front for 2 min. of continuous 
static discharge over insulator. Strain insulators same test. 


Note 18. A special test tower was constructed and tested with following tests and all 
towers were built as duplicates of test tower:— 

Test No. 1. A horizontal pull of 12,500 1b. in a direction parallel or at right angles to 
the lines will be applied at the intersection of the middle crossarm and the center line of 
the tower. 

Test No. 2. <A horizontal pull of 4,000 !b. in a direction parallel to the line and applied 
at the ends of any two crossarms (aggregate pull 8,000 lb). 

Test No. 3. A horizontal pull of 6,000 lb. in a direction of the line applied at the end of 
any crossarm. 

Test No.4. <A vertical load of 1,500 lb. applied at the end of any crossarm. - 

The tower must withstand the above force without permanent distortion in any member, 
and if such distortion should take place the contractor must replace such members with 
others until the tower successfully meets the requirements of the tests. 

All of the standard towers covered by this contract must then be constructed strictly in 
accordance with the design and sizes of material contained in the successful test tower. 
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Note 19. On three of the present four 22,000-volt circuits from Niagara Falls to Buffalo 
on the Canadian side are in use electrose insulators which have been inservice a considerable 
number of years. The fourth line which was installed in 1912 also uses electrose insulators 
but of a radically different design planned to be puncture-proof in severe impact tests. Test 
and forms of these insulators are described in the Trans. A. I. E. E., p. 2121, Vol. XXXI, 
meeting December 1912. 


Nore 20. Winds, floods, fires, etc.........--2scceceeceere 35 per cent 
Interference, blasting stumps, etc..........-..- 20 = 
NB Feds anbat- MRRP RC ECR ROL IATA Cee Yor Wier aes kere 5 e 
Failure in equipment or insulators,............- 15 ie 
Miscellaneous and unknown,.........+++-+0++- 25 £. 


Note 21. The foundations of towers consist of 7-ft. legs with foot piece, the whole 
generally loaded with stone and well backfilled. 


Note 22. Material of insulators porcelain with slate glaze. (Slate glaze shows up 
arc smoke marks better than brown glaze and attracts the attention of gunners less, but 
does not show up broken petticoats as well). 


Note 23. The towers were built for two ground wires, but only one ground wire located 
on apex of tower was erected. This makes the horizontal spacing from ground wire 
to conductor 72 ft. and the vertical spacing 7} ft. 


Note 24. All standard towers set on earth stubs, while the heavy towers are set in 
concrete. 


TopicAL TREATMENT 


A large number of comments made by the various reporting 
companies on a number of topics of especial interest to engineers 
are here grouped together under their appropriate subjects as 
follows: 


Lone Spans (QugEsTION A-19) 


The following notes of interest were returned: 

Miss. P. Longest span with standard tower and conductor 
1425 ft. 

The maximum span used on this line is 3200 feet, and occurs 
at the crossing of the Missouri River. This and other long spans 
are shown in plan and profile on the accompanying drawings 
(Figs. 30, 31 and 33.) The conductor cable in these spans 
consists of a 3-in. high-strength galvanized 19-strand steel 
core overlaid with 20 strands of No. 10 B. & S. gauge hard 
drawn copper wire. The cable is filled with a compound 
for the exclusion of air and moisture. Each circuit is carried 
on a single tower line, conductors in a horizontal plane, spaced 
20 ft. apart, with two ground wires 10 ft. above at point of 
support. These river crossing towers were especially designed 
and vary in height from 60 to 230 ft. above foundations. See 
drawings. 

Gt. Wn. P. One span 2300 ft. on special towers; one 2740 ft. 
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with No. 000 B. & S. “ Minot ”’ stranded wire; conductor bal- 
anced by counterweights to give uniform tension—Figs. 3 and 4, 

Mex. L. & P. One 1400 ft. with a difference in elevation of 
350 ft.; cable size and towers standard. 


Pa. W. & P. Longest span with standard conductors and 
towers 1280 ft. Longest span 1800 ft. with No. 0000 B. & a 
¢-strand hard drawn copper and towers 115 ft. high over all 
above foundations. Span sag 120ft. (6.7 percent). Distance be- 
tween conductors, vertically 10 ft. , horizontally 15 ft—Ground 
wires above conductors—no inbtible: 

City S. L. Dpt. Longest span 780 ft. standard double-pole 
construction. 

Wash. W. P. One 1500 ft., 4-in. ‘‘ Siemens-Martin” steel 
as conductor. 

San. J. L. & P. Span across Kings River at Piedra, six 3/0 
aluminum cables, carried about 1700 ft. across river and an- 
chored on hillsides to cedar poles: Two sets of three wires 
each are attached to two poles, wires in a vertical plane six ft. 
apart and attached to poles with two Locke No. 273 strain 
insulators. Guys are placed for each wire and run to anchorage 
in rocks. About 200 ft. sag is obtained with wires clearing river 
about 150 ft. All wires swing in unison in a high wind and no 
trouble has been experienced. 

Niag. L.& O. P. See drawing, Fig. 34. 

C. N. P. See drawing, Fig. 8. The transmission line 
crosses the Niagara River at Buffalo where there is a span of 
2192 ft., from a 150-ft. tower on the American side to a 202-ft. 
tower on the Canadian shore. The tops of these towers are at 
the same elevation. The line is then carried over the village 
of Fort Erie with a span of 1667 ft. to a 61-ft. tower on Bertie 
Hill, The top of this tower is 107 ft. below that of the high 
tower. The minimum clearance of the cables above the river 
is 130 ft. On the high towers the cables are arranged on 15-ft. 
triangles and on the Bertie Hill tower on 10-ft. triangles. 

The twelve conductor-cables are made up of 19 strands of 
No. 10 B. & S. gage bi-metallic wire and are stressed up to 
5400 lb. This tension is kept constant by counterweights on 
the Buffalo and Bertie Hill towers. The counterweights are 
supported by steel cables which run over sheaves at the top of 
the towers and are connected to each bi-metallic cable through 
two pairs of spoolinsulators. Drop cables pass down and through 
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the tower to the Buffalo terminal station and on the Bertie 
Hill tower to the busbars. The busbars and switches are so 
arranged that any circuit on the pole lines can be connected to 
any circuit on the long spans. At the high tower, the cables 
are connected to galvanized iron chains which rest on insulated 
saddles and extend about 13 ft. on each side of the tower. Jumper 
cables are carried over the saddles. 


In addition, spans of 800 and 1435 ft. were reported by other 
companies and no cases of trouble. 


SpgcIAL FEATURES OF CONSTRUCTION (QUESTION A-20) 


The following notes relate to special features .of interest in 
construction: 


Ap. P. All suspension insulators are ballasted with 30-lb. 


cast iron weights. (See Part I of this volume of TRANSACTIONS, 
page 183). 


Port. R. L. & P. Experience has shown that it is cheaper 
and quicker to erect steel towers in position from the ground up. 


ANCHOR TOWERS ON TANGENTS (QuESTION B-18-15). 

The following reports were made on the use of anchor towers 
on tangents: 

Miss. P. Approximately every mile. 

Gt. Wn. P. Average every two miles—designed to stand 
with all wires cut. 

Ap. P. Two per mile—designed to stand with all wires cut. 

Sou. S. P. Every five miles, designed for 24,000 Ib. 


Pa. W. & P. At least every fifth tower—on average five to 
mile. 


San J. L. & P. Poles guyed both ways every half mile, will 
stand with three conductors cut. 


Niag. L. & O. P. Every mile on steel towers; every half mile 
on ‘‘A”’ frames; all to stand with all three conductors cut. 


Sou. C. E. No, use line: guys. 
Ut. L. & R. Every 14% to 3 miles, according to wind condi- 


tions; designed to stand 7000 lb. at center crossarm in addition 
to stress on regular line towers. 


C. N. P. Only at two ends of line and two intermediate 
curves; designed to stand all conductors cut. 
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DETERIORATION (QUESTION A-25) 

The following interesting notes on deterioration were received: 

Gt. Wn. P. Slight rusting where towers were not properly 
galvanized. Wires corrode. 

Yad. R. P. Line two years old—no deterioration noticed. 

Pa. W.& P. No deterioration observed upon examination of 
buried portions of galvanized towers. One particular set of 
gusset plates near top of tower showing signs of rust during 1913; 
no rust or deterioration elsewhere. No signs of deterioration 
in conductors. Insulators both on transmission line and in 
stores showing deterioration, due possibly to temperature ex- 
pansion effects. About 4 per cent of insulators examined 
show such deterioration, not due to electrical causes. 

Wash. W.P. Wehavenoted no deterioration in conductors. 
Some insulators placed in service in 1904-1906 indicate that they 
may have deteriorated, but as the manufacture of porcelain at 
that time was far less efficient than now, no results of long 
time tests on those would indicate what will obtain on the ones 
of later manufacture. Towers were placed in 1910, and no 
deterioration has been noticed. 

Tor. P. Except for some deterioration of ground wire and 
hemp core of conductor, no deterioration noticed. 

San J. L. & P. No deterioration noticed as yet—60,000-volt 
system in use only three years. 

Niag. L. & O. P. Galvanized towers develop rust spots in 
about seven years. Insulators to some extent deteriorate by 
puncture of an occasional skirt. No noticeable deterioration of 
cable except by occasional burning by arcs. 

Port. R. L. & P. The transmission line has been in service 
less than two years and we have, therefore, no observations of 
deterioration except in the matter of insulators, there having been 
a considerable number of failures in suspension insulators and 
insulators in astrain position since the line was put in service. 

Sou. C. E. Insulator shells crack, presumably due to ex- 
pansion of cement or steel pin. 

Ch’a V. R. L. & P. Insulators give more trouble with age. 

Ut. L. & R. Wood poles with carbonized butts last 10 years 
n this climate. 

Pigeo. 1. dace None, it proper factors of safety were 
observed in original installations. Steel towers have to be 
painted every two years, if not galvanized. Cedar poles rot 
off at the ground in from 15 to 20 years. 

City S. L. Dpt. Poles rot at ground line. 
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DEFLECTION OF SUSPENSION INSULATORS (QuEsTION B 20-21) 


As to how much angular deflection of conductor was assumed 
under wind conditions and how much was actually observed, 
the following data were reported: 

Miss. P. 26 deg. 45 min., with } in. ice, assumed. 

Gt. W'n. P. 45 deg. assumed. 

Yad. R. P. 45 deg. assumed. 

Ap. P. 30 deg. on swinging of strings; held down by 50-lb. 
weights. 

Sou. S. P. 45 deg. assumed—45 deg. observed on swings. 

Pa. W. & P. Approximately 60 deg. Probably never more 
than 30 deg. angular deflection from vertical due to wind observed 
under either steady wind conditions or swings. No goodrecords 
on actual angular deflection. Conductors do not swing vio- 
lently, and angular deflection is not the same at all points in a 
span for one conductor, but is the same for all conductors. 
See drawing, Fig. 54. 

Wash. W. P. 50 deg. assumed, 36 deg. observed. 

Ut. L. & R. 60 deg. from vertical assumed, this value ob- 
served in swings. 


Desicn Facrors oF SAFETY (QuEsTION B-22) 

As to the factors of safety provided in conductors, towers, 
against overturning foundations, and overhead ground wires, 
the following data were reported: 

Miss. P. Conductors 2, towers 3, foundations 2, ground 
wires 2. 

Gt. Wn. P. Conductors 2, towers 2, foundations 3, ground 
wires 3. 

Yad. R. P. Conductors 25,000 lb. per sq. in. 

Mex. L. & P. Conductors 2 and 8, foundations 1.5. 

Ap. P. Conductors 2, 3, towers 2, foundations 5, ground 
wires 10. 

Sou. S.-P. Condtictors'2.5,° towets” 1:7; “ioundations i272 

Pa. W.& P. For conductors (alum.) up to elastic limit—towers 
tested for maximum designed strength at factory—foundations 
practically 4—ground wire just up to elastic limit. 

Wash. W. P. For conductors elastic limit, for towers 1, for 
foundations 1, for ground wire 1. These factors are taken in 
view of the fact that the maximum load conditions assumed were 
very severe. 

San. J.L. & P. For conductors 6, for poles 3. 
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Niag. L. & O. P. For conductors 1 (elastic limit), towers 2, 
foundations, 2. 

Sou. C. FE. For conductors 22,000 lb. per sq. in working 
stress. 

Ciuy S. L. Dpt. Factor for conductors of 3 over elastic limit. : 


OVERHEAD GROUND WIRES AS Part OF STRUCTURE 
(QUESTION B-23) 

In answer to the question as to whether overhead ground wires 
are relied upon as part of the line structure most of the com- 
panies replied no, but the following comments were received. 

Vader PF: Yes: 

Pa. W. & P. Ground wire gives some stiffness lengthwise of 
line, damping longitudinal vibrations of towers, but is not relied 
on as part of the mechanical supporting structure. 

Ut. L. & R. No, but it undoubtedly acts as a guy wire. 


CuttinG Out or Loap (QUESTION C-1) 

A loaded circuit is usually cut off by an oil switch, sometimes 
on high tension, sometimes on low tension. The following 
replies are noted: 

Gt. Wn. P. Drop generator load and open generator oil 
switch on low-tension side. Do not switch on high-tension side. 

Yad. R. P. (a) Reduce voltage 60 per cent and then open 
low-tension oilswitch. (b) Open low-tension oil switch at full 
voltage. (c) Open high-tension oil switch at full voltage. 

Mex. L. & P. Cut out sections of line one at a time loaded 
or unloaded. Experience shows that this method gives less 
trouble from surges on oil switches and switch bushings. 


OPENING SHORT CIRCUIT. (QUESTION C-2) 


To open a short circuit that holds on, the following companies 
reduce the voltage of the generators: 
IWS See Ge, Ws MER NOTA Se Oi CaN 2d 


Note also the following comments: 

Sou. S. P. The hydroelectric plants are tied in by non-auto- 
matic switches on the low-tension side while the steam plant has 
oil breakers with definite time limit relays on the low-tension side. 
The high-tension switches in the main tower line are of the 
Bowie air-break type and are non-automatic. As operated 
at present, when short circuit occurs on tower line, the steam 
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plant breakers clear the southern end of the system of trouble, 
leaving the steam station with all load in that territory. The 
hydroelectric plants then drop voltage to low value and test 
for location of trouble. 

Sou. C. E. Separate main system into sections and cut out 
step-up transformers on high-tension side. 


AUTOMATIC OVERLOAD RELAYS (QUESTIONS C 3-8) 

Automatic overload relays are generally used, and in many 
parts of the various systems. The majority are definite time 
limit or inverse time limit. 

The overload settings run from 100 per cent to 300 per cent 
overload, and the definite time limits from } to 10 sec. 

A half-dozen companies use overload relays of progressively 
greater time element distributed from the load to the generator. | 

Miss. P. Use inverse time limit automatic overload breaker 
to cut apart groups of generators on the 11,000-volt generator 
busbars. 

Niag. L. & O. P. and Sou. C. E. report success with this 
selective action; Yad. R. P., Mex. L. & P., and Wash. W. P. 
report partial success. 

Pa. W.& P. Automatic overload circuit breakers are used in 
connection with 13,000-volt cable feeders, station auxiliary 
transformers at both power house and substation, and trans- 
mission lines, in the last case, however, not the high-tension 
circuit breakers, but the low-tension circuit breakers of those 
transformers connected with the line being opened. 

In connection with 13,000-volt cable feeders, we use inverse- 
time relays; for the transformers and transmission line, definite- 
time relays. 

(a) The lowest tripping current for the relays connected with 
our 13,000-volt cable feeders is 100 per cent overload, based on 
cable rating; with 700-1400 per cent overload these relays will 
trip in 1 sec. (inverse time). 

(b) The relays for the substation transformers are reverse- 
power relays set to trip at 50 per cent overload in reverse 
direction, and connected with a three-sec. definite time element. 

(c) The power house transformer relays trip at 140 per cent 
overload, 7 sec. definite time. 

Time-element relays are normally used with progressive timing 
of the elements. This refers particularly to the relay system 
used for the 13,000-volt a-c. underground cable system in 
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Baltimore, of which a part belongs to the Pa. W. & P.Co. and 
a part to our customers’ distributing systems. The larger part of 
the relays for this system are Type C Westinghouse overload 
inverse-time relays improved by F. E. Ricketts’s compensating 
coil, which produces a relay curve with less steep characteristic 
and for heavy overloads can be brought to approach a definite 
time. Both tests and experience have shown that this type of 
relay can give good selective action for several relays in series. 

Bellows type relays were previously used in this connection 
but were found to be not sufficiently reliable and were replaced 
by relays of the type referred to above. 

Westinghouse Type C, improved, reverse-power relays with 
selective element are also used. 

These reverse-power relays are used at the substation end of 
two transmission lines working in parallel. Whenashort circuit, 
which is not cleared in any other way, occurs on one line, it will 
trip the low-tension side of transformers at the substation con- 
nected with this line, while overload or time relays will trip 
the low-tension side of the corresponding transformers at the 
pewer house. If the other transmission line is not affected, 
the reverse-power relays for this line will remain open. In order 
to give another device (arc extinguishers) time to relieve light- 
ning arcs, these relays for the transmission lines are furnished 
with definite time-limit relays (W. Type E); these have at present 
the following setting: 

CireeNowl  Citc. No, 2 

POW elt LOUSES s .u.2 senator: a 3 “SEC. 24 sec. 

STS ta llOM sre te reine 13 “ it eee 


The different time setting for the two circuits is chosen 
in order to prevent one line from opening at the substation, 
while the other opened at the power house, in case both lines 
should be in trouble. As soon as one circuit is cleared, an 
interlocking device prevents the other from opening by any 
relay action. 

If after the clearing of one of the two paralleled transmission 
lines, the other still shows the trouble, the field will momentarily 
be taken off all the generators at the power house simultaneously, 
and restored again. 

Should this action not clear the second line, the switches must 
be opened by hand. Our experience so far shows, however, 
that permanent line trouble (wires down, etc.) never has taken 
place on both circuits at the same time. 
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Pug. S.T.L. & P. Success generally but not always. 

Aside from the Pa. W. & P., the Ut. L & R. and Pug. S. 
T. L. & P. are the only companies using reverse-energy relays; 
the former reported ‘‘ always ”’ act selectively—the latter does 
not state the result. 

Note also Cty S. L. Dpt. Use Westinghouse Type C reverse- 
energy relays which act selectively when the power factor does 
not drop too low, as on a very heavy short circuit. 


DropPpING SYNCHRONOUS LOAD (QuESTION C-9) 

The following report that they seldom or never succeed in 
carrying synchronous load through a heavy main-line short 
circuit: 

Gi. Wn PM ex cde & Be, SOs Saab tl Or abet aaa, 
Porte Roo. Of Pag We SPS Gut CN ak gp gel ak ee 


Dpt. 
Other reports— 
Ap. P. “Sometimes.” Lightning arcs are frequently cleared 


by arc suppressors without losing synchronous load. 

Pa. W. & P. Lightning arcs are frequently cleared without 
the least loss of load, by arc suppressors. 

Wash. W. P. We have automatic switches on all lines feeding 
out of the different stations and when these act properly we very 
seldom lose any synchronous load. 

Niag. L. & O. P. Save synchronous load by automatic are 
extinguishers, when arcs only are involved. 

Ut. L.& R. Yes, when short circuit is cleared in three seconds. 

Pug. S. T. L. & P. Sometimes we can and sometimes we 
cannot. If the duration of short circuit is three or four seconds, 
synchronous apparatus always drops out. 


Cuttinc Out ONE or Two PARALLEL LINES (QUESTION C-10) 


In answer to the question whether one of two lines parallel 
at both ends could be cut out without losing the load the follow- 
ing were received: 

Miss. P. Two St. Louis lines parallel at both ends and have 
been separated in a number of cases automatically without 
losing the load. 

Mex. L. & P. Four lines are operated in parallel and as a rule 
one line can be cut out without losing the load. 

Ap. P. Sometimes. 

Wash. W. P. Have such lines but cannot cut them out 
without losing load. 


ie \ 
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San J. L. & P. Lines are tied together at load end by tie- 
breaker set light; at supply end, lines are separated by operator, 

Niag. L. & O. P. Have tried this but have abandoned the 
attempt. 

Port. R.L.& P. Yes, but cannot be automatically separated. 

Sou. C. E. All main lines, cannot separate. 

C. N. P. Cannot separate such lines. 

Un. T. Cannot separate such lines. 


LocaTING TROUBLE (QUESTION C-11) 
Practically all plants sectionalize the line, test with generator 
voltage and patrol to locate line trouble. 
Yad. R. P. Use also a Wheatstone bridge method. 
Niag. L. & O. P. Use a special loop test described in the 
Trans. A. I. E. E., June 1907. 
C. N. P. Uses a loop test. 


DISTRIBUTION OF POWER BETWEEN POWER HovusEs AND 
REGULATION OF VOLTAGE (QUESTIONS 20 AND 21) 
No points of especial interest appear in answer to questions 
on how power distribution between generators and voltage 

regulation are secured. 


Errect oF Heavy SHort Circuit (QuEsTION C-23) 

As to the effect of a heavy short circuit near one power sta- 
tion on a large system: 

Pa. W. & P. When a short circuit occurs near one power 
house, the effect of this depends entirely on how long a time it 
lasts. 

(1) If it is a lightning arc on the transmission line it will 
normally be cleared by arc suppressor. 

(2) If it is cable trouble on the 13,000-volt distributing 
system, it will normally be cleared by opening automatically 
the proper feeder switches. If the trouble hangs on for more 
than four seconds the fields of the generators will be destroyed 
and restored automatically at all three power houses simul- 


taneously. 


OPERATION WITH ONE StpE GROUNDED (QuEsTION C-29-31) 
In answer to a question as to whether the lines were ever 
operated with one side grounded, even for a brief period, the 


following were received: 
Pa. W. & P. For a few minutes, no effect; ground was cut 


off by the time the ground resistance was red hot. 
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Ut. L. & R. All one night on 28,000-volt circuit; no effect 
except unbalancing of system. 

C. N. P. For about two hours with no effect except a slight 
unbalancing of current in conductors. 

Ap. P. For two hours with no effect. 

Wash. W. P. For several minutes causing whole system to 
be unbalanced. 

Gt. Wn. P. For about } hour; one oil switch bushing and one 
string of insulators punctured. 

Sou. S. P. ‘No; effect too severe. ”’ 

Tor. P. On several occasions for five to fifteen minutes, on 
one occasion four hours. On the occasion when the system 
was operated for four hours the ends of the cable that were down 
were 1000 ft. apart, the ground was highly charged and the 
barbed wire on the right-of-way fence was also highly charged. 
A man attracted by the display due to this ground walked into 
the charged area, then tried to climb the barbed wire fence and 
was killed. A dog approached the barbed wire fence some 
distance away and after investigation started for remote re- 
gions. Claims were made for damages to cattle. These were 
paid, although it could not be found that any cattle were really 
injured. 

In operating on a ground we have no means of knowing 
whether or not the wires are down, and as it is possible that 
there may be two grounds miles apart with an open circuit in 
the conductor between, we consider it a very risky thing 
to continue such operation and would only do so as a last 
resort. 

San J. L. & P. For two and a half hours on 60,000 volts; 
for one and one-third hours on 30,000 volts. The effect was 
unbalanced voltage on the particular feeder having a ground; 
unbalanced load on nearest generating plant, private telephone 
line out of commission, troubles reported from Sunset and other 
telephone systems. 

Niag. L. & O. P. On one occasion when neutral was not 
grounded, for two hours; effect “‘ violent. ”’ 

Pug. S. T. L. & P. For 10 minutes,—severe strains, dis- 
charging lightning arresters—telephone wires hot. 


Retays 1n H-T. GRounD CONNECTION (QUESTION C-32) 


No plant of those reporting except Pa. W.& P. (see below) 
seems to have any protective relay in the ground connection 
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_ from the high-tension neutral, except for the fuse of the Nichol- 


son arc Suppressor. 


VOLTAGE REGULATORS (QUESTION C-41) 
The use of Tirrill regulators to control the voltage of genera- 
tors is almost universal and there appears to be no exception 
to the satisfaction they give. 


FAILURE OF OIL SwitcHEs (QuEsTION C-43-44) 

As to whether oil switches have ever failed to open a circuit, 
most companies report no trouble, but the following are note- 
worthy: 

Mex. L.& P. Very rarely. 

Sou. S. P. No, but signs of distress are often shown. Most 
of the trouble from oil switches occurs in the breakdown of 
bushings from lightning or surges. 

Tor. P. H-3 oil switches have failed repeatedly when more 
than four 10,000-kw. generators can feed through them to a 


short circuit. 
Niag. L. & O. P. Yes, from repeated operation on short 
circuit without overhauling. 
Ut. L. & R. 4000-volt, three-phase oil switch on overload. 
Sou. C. E. On short circuits; the system has outgrown the 


size of the switch. 

Pug. S.T.L. & P. Oil switches which ate type H-3 and K-10 
have always opened short circuits successfully but sometimes 
the switches are nearly wrecked. 


WorKING witH ApJAcENT Line ALive (Question C-45) 
Practically all companies except Cty. S. L. Dpt. work on one 
of two lines on the same poles or towers when the other line is 


alive. 


Wuicu INSULATOR OF SUSPENSION STRING Fairs First 
(QuESTION C-48). 
As to which insulator unit in a string of units is most likely 
to be injured, note the following: 
Gt. Wn. P. Insulator next to line, but in general it is hard 


to tell. 
Pa. W.P. Flash-overs damage first and last units preferably. 
Wash. W. P. Nearly always the first and last of the string. 
Port. R. & L. No difference. 
Ut. L.& R. End disks, 
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RELATIVE RELIABILITY OF SUSPENSION AND STRAIN INSULATOR | 
Srrincs (QurEsTION C-49) 

There is a difference in experience as to whether strain in- 
sulators are more likely to fail than vertical strings. Port. R. L. 
& P., Ut. L. & R., Pa. W.&P., Wash. W. P., and Yad. R. P. 
say ‘‘no.” Gt. Wn. P. and Sou. C. E. say “ yes. p 


REACTANCE TO BALANCE CHARGING CURRENT (QuESTION C-51) 


Sou. S. P. has the following to report about the use of re- 
actance coils to control the power factor of the line. 

Shunt inductance coils are used at one end of tower line. 
These have loading value of 2000 kv-a. and are arranged for 
being cut in by steps. They have been found valuable in the 
tieing together of the two systems of plants, enabling the steam 
plant to get in with the hydro plants with little voltage dis- 
turbance, which there would be if steam plant had to raise 
voltage to value high enough to equal voltage at end of unloaded 
line; this is about 14 per cent high. 


MECHANICAL OSCILLATIONS (QUESTION C-52) 


With regard to trouble with mechanical oscillations in the 
line note the following: 

Port. R. L. & P. Trouble occurs at far end of 30-mile, 33,- 
000-volt, 33-cycle line when fed from one generating station 
only and given a heavy load. Line pulsates and finally kicks 
out at generating plant. 

Ut. L. & R. No trouble except wind swinging suspension 
insulators enough to break them. 

Wash. W. P. No, except that ice falling off the end ones of 
a group of three spans allows the ice in the middle span to 
carry this span down too close to conductor in the position below. 

Mex. L. & P. Two during earthquakes. 


In addition to the above, note the following replies received 
to a special inquiry about mechanical oscillations: 


Gentlemen: New York, April 13th, 1914. 

On January 8th, the Engineering Data Committee, at the suggestion of 
Mr. L. E. Eustis, Superintendent of the Stone and Webster Engineer- 
ing Corporation, sent a letter to a number of high-tension power com- 
panies asking for any available experience with mechanical vibrations or 
oscillations of line conductors. You may be interested in the enclosed 
summary of the replies received. Yours very truly, 

Percy H. Tuomas, Chairman, 
Engineering Data Committee. 
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REPLIES TO LETTER OF JANUARY 8TH RELATING TO EXPERIENCE 
WITH MECHANICAL VIBRATIONS OR ‘‘ OSCILLATIONS’? OF 


LINE CONDUCTORS 
GANG: 


“This phenomenon was experienced by us in the aluminum 
cables which originally spanned the Niagara River between 
Fort Erie and Buffalo. The vibrations were most pronounced 
when there was little if any perceptible movement of the air. 
The cause was doubtless due to the physical constants of the 
span cables and possibly their supports being such that they 
would readily respond to slight movements of the air. Our 
evidence of this is that when the tension was decreased, allow- 
ing the cables to sag a few feet below normal, no vibration 
occurred. 

At first we had some trouble with the cable strands breaking 
at the end supports due to crystallization of the metal. This 
was overcome by inserting about ten feet of iron chain in each 
span where the ends are attached to the supports. The chains 
were then shunted with jumpers to provide the necessary carry- 
ing capacity. 

After a few years’ experience with aluminum cables at the 
long spans, it was decided to replace them with copper-clad steel 
cable having much ‘greater tensile strength. These cables are 
somewhat heavier than the aluminum, but are smaller in cross- 
section. They are pulled up to the same elevation as the 
aluminum cables, but, due to the different physical constants, no 
vibrations have been observed under any weather conditions. ” 


Niag. L. and O. P. 

“Please note that we have frequently noticed such oscilla- 
tions but never have found any harm to result from them. 
Such oscillations are particularly noticeable on long spans, al- 
though they occur to some extent on all spans. ”’ 


Oregon E. R. | 
‘Wish to say that we have had no serious trouble from this 


source, and have had no data or experience along this line that 
would be of interest. ”’ 
WOVE 2 

“We have no spans comparable to the Mississippi River 
crossing at Keokuk, Iowa. We have, however, given con- 
sideration to crossing the Niagara River where we have had to 
figure on 4000- and 6000-foot spans. It was necessary for us 
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to consider mechanical oscillations of the cables due to changes 
in temperature, ice loading, wind, and the vibrations that would 
be started by short circuits, and we concluded that proper 
spacing, counter-weighting and keeping the cables at suitable 
temperature by means of local currents from insulated trans- 
formers or generators, would afford us ample protection. 

We have no spans over 1000 feet on our existing transmission 
lines and have had no troubles that we can assume are directly 
due to mechanical oscillations. We have had line interruptions 
during sleet storms which could probably be accounted for in 
no other way. ”’ 


Pa. W. & P. 


“The possibility of such phenomena was anticipated at 
the time our transmission line was designed and a special en- 
deavor was made to so design the line as to prevent such oscil- 
lations. We believe that the many anchor towers used and the 
attention given to the conductor sags is responsible for our 
freedom from such trouble. 

As stated in the previous answers, we did experience some 
troubles owing to the ground wire being stretched too tightly, 
so that it hummed and caused considerable vibration of the 
towers. It was found necessary to cut in additional slack into 
the ground wire. The ground wire had originally been strung 
very tightly in order to avoid interference between ground 
wires and conductors, due to the possibility of sleet collecting 
on the ground wire while being absent on the conductors. Also 
a tight ground wire was considered advisable in order that its 
period of vibration longitudinally might be quite different 
from that of the conductor. ”’ 

“We have no evidence of mechanical oscillation on our 
1800-ft. span river crossings. ”’ ; 

From Mr. Magnus Swenson, President, 

Southern Wisconsin Power Company, Madison, Wis. (dated 
1/21/14) 

‘In answer to yours of the 8th will say we have experienced 
no trouble from mechanical oscillation on our line, nor has the 
Peninsular Power Company in the northern part of this state. ”’ 


G. Wn. P. 


“ Will state that we have no record of any one having observed 
this phenomenon on our lines.”’ 
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Pac. Gace (dated 1/20/14) 

‘“This company maintains a large number of long spans on 
transmission lines, these varying from 200 to over 4000 ft. in 
length. On spans up to 1500 or 2000 ft. the conductor material 
is not of great importance, our experience being that there is very 
little choice between copper, aluminum, copper-clad steel and 
other materials. 

On spans of more than 1500 ft. we have found it desirable 
for mechanical reasons, to use either copper clad, or steel 
conductors. 

The longest span we have is that known as the “ Carquinez 
Strait crossing,’ where the distance between supports is 
4427 ft. The conductors on this crossing are of 7/8-in. plow 
steel, having ultimate tensile strength of 200,000 lb. per unit 
cross section. These spans have been in successful operation 
at 60,000 volts for 18 years. There is a small amount of vibration 
in the conductor at the point of support during days when there 
is no wind blowing, but during times when the wind is blowing 
the hardest there is little if any vibration whatever at this 
point. 

A year ago one of the conductors of this span was taken down 
and a section near the supporting saddle was tested to determine 
whether or not there had ‘been any appreciable deterioration of the 
metal either from crystallization or from electrical causes. A 
careful analysis and test showed that the cable was in apparent- 
ly as good condition as it was the day it was erected. 

On another line we have installed a large number of spans of 
6/0 stranded aluminum, ranging from 1200 to 1800 ft. in length. 
No trouble has been experienced on spans of this length from the 
causes mentioned; in fact, this particular line is considered one 
of the most reliable that we have. 

In a few instances trouble has been experienced from the vibra- 
tion of the conductor, which has resulted in the latter breaking 
at the point of support. These instances, however, are very 
rare and we have attributed the trouble to the fact that the length 
of span and tension in same were just right for the wind to 
cause excessive vibration. In every instance where this trouble 
has occurred, the insulator has been the ordinary pin type. 
The trouble has been corrected by setting another pole, and 
thus introducing another point of support in the vibrating 


span.” 
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From Mr. Chas. I. Burkholder, General Manager, 

Southern Power Co., Charlotte, N.C. (dated 1/20/14) 

‘“‘T have to advise you that on our lines having suspension 
insulators we have not had any trouble due to mechanical oscil- 
lations of line conductors, except in the case of unequal distribu- 
tion of load due to sleet unloading from the lines. This has never 
occurred when the sleet was forming but has occurred when the 
sleet was falling off of the wire, in cases where it happened that 
the sleet fell off of one wire, we will say, in a given span, and 
remained on another wire, and where the opposite occurred in an 
adjacent span. This would cause an accumulation of sag in the 
unloaded span, and in some cases the accumulation of this sag has 
been enough to cause an actual contact of wires which were 
strung with a 10-foot vertical spacing. To obviate this, we 
lengthened our middle crossarm 34 feet at each end.” 


Wash. W.P. 

““T beg to state that we have never noticed any mechanical 
oscillations of our line conductors. 

At one time we had some trouble which we were unable to 
account for, and thought that possibly it might be due to such 
mechanical oscillation. To satisfy ourselves on this point we 
short-circuited one of our 60,000-volt lines, about four miles 
from our Little Falls power house, without noticing any oscil- 
lation whatever in the conductors. This short-circuit was 
thrown on the line when it was connected with a 5000-kilowatt 
generator at the station, and as far as I remember now the 
automatic switch was set for ten seconds definite time limit.” 


Port. R. Ly, & P, 

‘We wish to state that we have not experienced any trouble. 
We have observed, however, the presence of waves along the 
conductors in an 1800-foot river crossing span. These waves 
appeared to travel along the conductors even on a quiet day. 
They were apparent only by listening to the insulators at the 
supports and manifested themselves in very. much a similar 
manner to blows struck against the conductors with a wooden 
mallet. As the crossing span was removed within a year after 
its installation, and has not been replaced, we have no occasion 
to report actual trouble resulting from the waves. The crossing 
span supports are each located a short distance from railroad 


tracks and the waves which we observed appeared to have been 
started by passing trains.”’ 
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From Mr. A. J. A. Kean, Chief Operating Engineer, 

The Michoacan Power Co., Guanajuato, Mexico. (dated 
2/10/14) 

“In this connection we wish to advise you that we had this 
trouble on one of our transmission lines some two years ago and 
were able to eliminate the difficulty by using special hangers 
made in the form of a bow. If Mr. Eustis would care to send to 
us details regarding his trouble we may be able to supply him 
some information which will be of assistance to him.” 


From Mr. W. B. Stone, Chief Electrical Engineer, 

Jhelum Power Installation’ Baramulla-Kashmir, India. 

“I beg to inform you that formerly when we had long river 
Spans we experienced trouble which I attribute to this cause. 
The line wires became crystallized through fatigue close to the 
clamps on the insulators, and when the first fall of snow came 
they invariably carried away at this point. We have now re- 
moved all long spans.” 


From Mr. C. A. Sylvester, General Manager, 
The Rio de Janeiro Tramway, Light and Power Co., Limited, 
Rio de Janeiro, Brazil. 


‘“We have had no trouble which could be traced to mechanical 
oscillation of our transmission line conductors. 

Our 88,000-volt transmission consists of 3/0 conductors erected 
on Riter-Conley type of steel towers, six conductors per tower. 
We have several spans exceeding 500 meters, the greatest span 
being 590 meters. Observation of the oscillations indicate a 
considerable side swing during heavy winds, but the wires ap- 
parently always maintain their spacing of eight feet. This is 
probably due to the fact that they are of the same weight per foot, 
same diameter, and are erected with the same tension. There 
is of course no unequal loading due to sleet. 

It has been suggested that the vibration and oscillation of the 
wires may tend to break the conductors at the insulators. We 
have up to the present time observed no effect of that kind. 

The lines have been erected since 1907.”’ 


Location oF LIGHTNING ARRESTERS (QUESTION C-2) 
Lightning arrresters are freely located either inside or outside, 
and universally close to the outlet of a station. 
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DuRATION OF DISCHARGE ON ‘ ELECTROLYTIC ARRESTERS 
(Question D-10) 
There is no report of over 1 minute of actual continuous 
discharge on an electrolytic arrester. At least two companies 
cut them out if they begin to discharge steadily. 


EFFECTIVENESS OF OVERHEAD GROUND WIRE 


With regard to the opinion of companies on the effectiveness 
of overhead ground wires as a protection against lightning, note 
the following: ; 

Mex. L. & P. We have had overhead ground wires on our 
high-tension transmission lines for the past six years. In 
practical experience we have found that this has given us an 
excellent protection. The number of cases of trouble due to 
lightning has been enormously reduced since the installation 
of these ground wires. We can definitely state that we con- 
sider their installation as effective and desirable. 

Ap. P. There is evidence in favor of the effectiveness of over- 
head ground wires but it is not conclusive. 

Pa. W. & P. We have no reason to believe that the overhead 
ground wires have been of any benefit against lightning troubles. 

Cl’a V. R. L. & P. We have wood pole lines 26 miles long with- 
out ground wire; there isa 12-mile extension with ground wire, 
same insulators and crossarms used; never had an interruption 
from lightning on 12-mile line; have 7 or 8 per season on 26-mile 
line and have many bad insulators that do not shut down line. 

Ut. L. & R. Overhead ground wires on tower lines undoubtedly 
reduce static disturbances, as interruptions are much less fre- 
quent than before. ; 


SPECIAL ProrecTivE DeEvicEs (QuEstTions E-1-4) 


In certain systems, devices operating through circuit breakers or 
fuses have been installed for the purpose of automatically freeing 
circuits from arcs, either between line wires or to ground. The 
principle of operation includes the momentary short-circuiting of 
the arc by automatic apparatus at some predetermined place, 
which opens the ‘circuit as soon as the original are is suppressed. 
The following reports have been received bearing on such ap- 
paratus. 

Pa. W. P. We are using the arc suppressor invented and de- 
signed by L.C. Nicholson of Buffalo, N. Y. This device consists 
in a general way of electromagnetic relay switches connected in 
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series with the main transmission line. The overload caused by a 
flash-over produced by lightning closes these electromagnetic 
switches rapidly, and in this way short-circuits the wires between 
which the flash-over is taking place, with a fuse wire calibrated to 
blow in about 5-10 cycles. This device worked very successfully 
in 1912 and 1918. It is especially satisfactory when a ground 
or a short circuit takes place only between two of the trans- 
mission wires. In such cases, it saves all of the synchronous 
load. If a three-phase short-circuit takes place, the effect on 
the synchronous machinery is more serious. About 50 per cent 
of the load can, however, be saved, especially if the synchronous 
converters, of which the main load consists, are separately ex- 
cited, so as to prevent reversal of polarity. 

With the Nicholson arc extinguisher are also connected certain 
electrostatic relays, intended to work in such a way that when one 
wire becomes grounded, a switch will be closed, and by this 
means, a fuse wire, which is timed to blow in about 1/2 second, 
will be connected between the wire which is grounded, and the 
ground. This device worked successfully several times. The 
electrostatic relays which initiate this action seem, however, 
somewhat less reliable than the magnetic relays, which get into 
action on short circuits on the line. The electrostatic relays 
are at present cut out of service, due to the fact that the principle 
they are based on will make them operate unnecessarily and thus 
produce undesirable complications whenever the voltage on the 
line for a moment is lowered artificially by operation of field- 
destroying device. 

In case the are extinguisher as outlined above does not work, 
or does not extinguish the arcs, the field is automatically des- 
troyed on all generators in all three power houses connected 
together, and after 1} sec. the field is restored again automati- 
cally, and, normally a large part of the synchronous load will, 
in this way, be pulled into step again. 

The relays, which in the main power house (Holtwood) actuate 
the field-destroying and restoring device are either one of the 
generator relays (in case of short circuit on the line) or the relay 
in the grounded neutral of one of the transformers connected 
with the transmission line; these relays act instantaneously 
themselves, but their action is delayed 4 sec. (by means of a 
definite time limit relay) in order to give other protective devices 
their chance. The main difficulty we have experienced with this 
device is to prevent the generators in the power house (water- 
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wheel-driven) when some of their prime movers were on ‘ hand 
control’’ (i.e. had a steady gate opening), from speeding up the 
moment the field was taken off and thus getting decidedly out of 
synchronism. When originally installed, the time the field was 
left open (i.e. short-circuited with the standard discharge resis- 
tance) was 5 sec.; this time element has this year been cut down 
to 14 sec. with the results much better in the above respect than 
formerly, and yet the time is apparently long enough to ex- 
tinguish lightning arcs on the transmission line. The 1913 
record until October 1st, shows that lightning has hit our lines 
32 times resulting in three total interruptions, while the trouble 
was cleared successfully, with little or no loss of load, 18 times by 
arc extinguisher, 9 times by field-destroying device, and two 
times by relays opening one of two parallel circuits. 

Tor. P. The circuit-breaker type of arc suppressor was tried 
but was not a success. The Nicholson electromagnetic type is 
being installed. 

Niag. L. & O. P. Uses both Nicholson automatic grounding 
and Nicholson automatic short-circuiting devices. 


LOWERING VOLTAGE TO CLEAR SHORT Circuit (QuEsTION E-11) 

In reply to question as to whether the voltage of generator is 
lowered in case of trouble the following were received: 

Miss. P. Yes, by hand and automatically. 

Gt. Wn. P. Yes, by hand. 

Yad. R. P. Yes, by hand. 

Sou. S. P. Yes, by hand, expect to install device to automati- 
cally lower voltage at time of short circuit or ground on line. 

Pa. W. P. See notes under Special Protective Devices (Ques- 
tion E, 1-4 above), 

Wash. W. P. No, only when line is on a single generator as a 
separate system. 

Tor. P. Automatically. 

san. JL. & Ps No. 

Niag.L.& O. P. No. 

Port. R. L. & P. On special occasions by hand. 

Sou. C. E. Yes, by hand. 

Cha. V. Ri LP, No. 

C. N. P. Excitation is from induction-motor-driven d-c. 
generators. The motors are supplied from busbars fed by the 
alternators which they excite. In case of a short circuit, exciter 
sets automatically slow down and reduce field excitation, 
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Pug. S.T. L. & P. Yes, have auxiliary relay on Tirrill 
regulator that prevents increase of field strength during short 
circuit. 

Mt. Wh’y P. No. 

Un: Paine: 


USABILITY OF TELEPHONE LINEs (SECTION F) 


The conclusions to be drawn from the replies to the questions 
on telephone lines may be summarized. 

In general no company can entirely rely on its telephone line 
when the power line is grounded and many cannot use their 
telephones while electrolytic lightning arresters are being charged. 
The effect of the grounding of the high-tension line is to make it 
noisy and to cause discharges over arresters and sometimes to 
cause telephone fuses to blow. 

The following comments are noteworthy: 


Gt. Wn. P. Most severe trouble is from a ground on the 
100,000-volt line. This in general will cause a break over the 
insulation of the telephone line which is carried on 6600-volt por- 
celain insulators. To quiet the line, 2-kw. 2200/220-volt trans- 
formers used as drainage coils with the secondaries open were 
installed; these were successful. 

Yad. R. P. The telephone line is said to be usable at all times 
and grounding of the transmission line to have no effect. This 
telephone line is from 500 ft. to one mile away from power line. 

Sou. S. P. Telephone line not always usable. Most of trouble 
is due to mechanical faults occurring in telephone lines. Induc- 
tion is also noticed. Arcing on horns of out-of-door switches is 
quite noticeable on telephone lines. Ground on transmission 
line makes telephone very noisy. 

Pa. W.& P. Users of telephones protected by lightning 
arresters and fuses on line side of instruments. Insulating 
transformers used at Baltimore end of telephone line. 

Telephone usable practically at all times during operation. 

Telephone not usable only at time of ground on transmission 
line or during charging of electrolytic arresters. 

Troubles on transmission line blow fuses or burn arresters on 
telephone line occasionally. Sometimes burn out telephones. 

There has not been much trouble and talking is remarkably 
good on telephone lines—equally as good as Bell long-distance 
lines. 


1042 HIGH-TENSION DATA [June 25 


Niag. L. & O. P. Heavy induction by grounds on power lines 
sometimes blows fuses on telephone lines at stations. Telephone 
is practically always usable due to bleeding coils. 

Cty. S. L. Dpt. Induced currents have caused telephone wires 
spaced 12 in. apart to wrap together. Line disturbances some- 
times blow telephone fuses (14 ampere). We do not attempt 
to use telephones while a disturbance is on line. 

Nore: ‘The following description of the protective apparatus 
used by the Georgia Railway and Power Company to shield its 
telephone line from disturbances on the high-tension trans- 
mission line, together with an account of tests made thereon, 
has been furnished by Mr. E. P. Peck, Ass’t. Electrical Engineer. 

The telephone line of the Georgia Railway & Power Company 
from Atlanta to Tallulah Falls, a distance of 87 miles, has No. 4 
bi-metallic conductors, insulated with single disk suspension 
insulators. These insulators have a dry flash-over test of 
70,000 volts but it is the purpose of the company to connect 
two of them in series on the telephone line at the earliest possible 
date. The telephone line is strung on the main 110,000-volt 
tower line, about 103 ft. from the lower power conductor. 

The telephone line operates at a voltage to ground of approxi- 
mately 5300 volts, when no drainage coils are connected. 
The voltage from line to line is very low, except in cases of in- 
sulation troubles on the main power line or on the telephone 
line. 

Trouble was experienced, due to the high voltage on the 
telephone line, and to remedy this, drainage coils have been 
connected at the Boulevard substation in Atlanta and at Gaines- 
ville substation. A drainage coil wil] be connected at the power 
house also, in a short time. A standard 15-kw., 2200-volt 
power transformer 1s used as a drainage coil. The 2200-volt 
leads of the transformer are connected to the line wires and the 
middle tap of the primary is connected to ground, the second- 
aries being left open. 

With the drainage coils connected in Gainesville and in Atlanta, 
the voltage from the telephone line to ground is approximately 
forty-five volts, the drainage coils carrying a current of approxi- 
mately 3.75 amperes, continuously, in the ground leg. 

The telephones in all of the stations are connected to the 
telephone line through telephone transformers, insulated for 
25,000 volts from primary to secondary. 

A number of telephone transformers and telephones have 
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been damaged on this line, the damage resulting from lightning 
along the line or from leakage either on the main power system 
or on the telephone line. To stop the telephone and telephone 
transformer trouble, a lightning arrester has been developed 
which gives promise of excellent results. The apparatus (dia- 
gram of connections shown herewith) consists of proper relief 
gaps which are protected by expulsion fuses. The most im- 
portant part of this arrester unit is a vacuum gap adjusted to 
break down at approximately 350 volts and connected from 
2 line to line. Adjustable cylinder gaps 
lx A | HoenGaps are connected from each line to ground 

to} and other cylinder gaps are connected 


mG i ' . 

! 12 in parallel with the vacuum gap. 

| Choke coils, wound on porcelain cores 
and with turns very heavily insulated, 
are connected between the gaps and 

ae een the telephone. 


\ 
if 

| 

| 

: 

! 
fuses The action of the arrester in case 
| 

| 

I 

1 

| 


of high voltage on the telephone line 
is as follows: A high voltage im- 
pulse being impressed on the lines 
equally, will raise the voltage of the 
erele OTR ars telephone line and telephone trans- 
former to a value sufficient to break 

down the air gap to ground and will 
not impress any high voltage across 
the terminals of the telephone trans- 
former unless the ground gaps are set 
eee ii es unequally, in which case the gap with 
the smallest setting will drain the wire 

connected to it directly and will drain 

the wire with the larger gap setting 


lela ens through the vacuum tube arrester. 
If the voltage is impressed unequally 
on the telephone lines, the vacuum gap will spark across, holding 
the voltage across the terminals of the telephone transformer 
and the telephone to a safe, low value. 
The choke coils are used to retard steep wave front impulses 
until the arrester gaps will have time to discharge. 
It has been found that a continuous discharge through the 
vacuum gap will melt the solder and compound used to seal 
the case of the vacuum tube, allowing the vacuum to be de- 
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stroyed. Thecylinder gap connected in parallel with the vacuum 
gap is for the purpose of holding the line-to-line voltage as low 
as possible in case the vacuum gap is destroyed. The lowest 
advisable setting on these cylinders will give an arcing voltage 
in the air of approximately 700 volts and the cylinder gap 
will never come into play unless the vacuum gap has been 
destroyed. 

The expulsion fuses used are of five-ampere capacity and will 
not blow unless there is a very severe disturbance on the tele- 
phone line. The five-ampere fuse was selected because we did 
not wish to use a fuse large enough to cause burning of the 
vacuum gap or the cylinder gaps or to use a fuse so small that 
it would blow on slight disturbances. 

A test was made on this lightning arrester by taking 50,000 
volts from a power line supplied from a 550-kw. generator, the 
power line being connected from line to line on the telephone 
arrester, from each line to ground and both lines in parallel to 
ground. Eight tests were made on one arrester with this 50,000- 
volt power supply, with a telephone transformer and telephone 
connected during the tests. 

Tests were also made in the lightning arrester laboratory of the 
General Electric Company on oscillation transformers of 200,000 
and 500,000 cycles with oscillating circuits adjusted for voltages 
from 50,000 to 150,000 volts. An arrester unit was connected 
in paraMel and in series with the main sphere gaps and a number 
of shots were made. After the completion of the tests the tele- 
phone transformer and telephone were still in good condition. 

A number of small arresters with the same essential arrange- 
ment of the arrester parts have been used on telephone lines 
paralleling 11,000- and 22,000-volt lines around Atlanta. Some 
of these arresters have seen about two years’ service. 

A large number of severe lightning disturbances have been 
handled by these arresters and in one case the 22,000-volt power 
line fell on the telephone line immediately after the lightning 
stroke. The main wires to the arrester and the ground wires on 
the arresters at both ends of the lines were burned off and in this 
case as well as in all other cases no damage has been done to the 
telephone transformer or to the telephone. Inthe same territory 
a very large number of telephone transformers and telephones 
have been destroyed by lightning although they were protected 
by the best arrester system which we had been able to obtain 

rom the manufacturers. 
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Test oF TELEPHONE LIGHTNING ARRESTER TO BE USED ON 
TELEPHONE LINES ADJACENT TO 110,000-Vo_tt Power Lines 


One 555-kw., 440-volt, 60-cycle alternator was connected to a 
625-kw., 440 to 50,000-volt transformer and the high side of the 
transformer used on the arrester tests. On these tests the cir- 
cuit breaker of the transformer bank was set at 1600 amperes, 
the normal load on one generator being 625 amperes. 

Test No.1. Referring to the diagram on a preceding page, 
the horn gaps at the top were not used. 

Line No. 1 was connected to one transformer terminal and 
line No. 2 was connected to the other transformer terminal. The 
generator was adjusted to give 50,000 volts and the circuit 
breaker closed, giving 50,000 volts directly on the telephone 
lightning arrester. On this test the cylinder gaps and the 
vacuum gap on the mainline arced across, blowing the main line 
fuses. 

Test No. 2. Same as test No. 1. 

Test No. 3. Lines No. 1 and No. 2 were tied together and 
connected to one power transformer terminal and the leads 
marked ground were connected to the other transformer terminal. 
When 50,000 volts was applied the spark gaps arced across, blow- 
ing the primary fuses. 

Test No. 4. Same as No. 3. 

Tests No. 5and No.6. Line No. 2 was connected to one power 
transformer terminal,and ground gap connected to the other 
power transformer terminal. 50,000 volts was applied, blowing 
‘the primary fuses. 

Tests No.7 and No.8. Line No. 1 was connected to one power 
transformer terminal, and the ground gap connected to the other 
power transformer terminal. 50,000 volts was applied, blowing 
the primary fuses. 

After each of the above tests the 1 to 1 transformer and the 
telephone bell were tested and found OK. The vacuum gap 
connected on the high side of the 1 to 1 transformer broke down 
at 360 volts before the high-voltage tests were made, and broke 
down at 370 volts after tests were made. 

It is of interest to note that the arrester on the low side of the 
telephone transformer never had its fuses blown, showing that all 
high-voltage strains were relieved before they reached the tele- 
phone transformer. 

This test corresponds very closely to the condition which will 
obtain when one of the 110,000-volt power lines crosses with 
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either or both of the telephone lines. In this case the voltage 
will be 63,500 volts, while the voltage on the tests was 50,000. 
However, in service, 63,500 volts can never reach the telephone 
lightning arrester because the insulators on the telephone line will 
arc across at much lower voltage than this. 


PRESERVATIVES FOR Woop ConstRucTION (Questions G-1-2) 

The following information is received as to preservative 
treatment of wood poles: 

The following companies treat wooden pole butts—either by 
brushing or open tank treatment using carbolineum, hot gas 
drippings, creosote oil, or hot tar. 

Miss. P. (cost 10 cents per pole), for brush treatment only. 

Gin Wiest. 

Aber. 

Sou. S. P. Open tank process. 

Wash. W. P. Carbolineum oi] on cedar poles; two feet above 
and below ground line. Tamarack poles treated by charring 
6 ft. below ground line and pouring hot carbolineum oil over 
charred surface. Cost 25 cents per pole. 

San J. L. & P. Open tank process; average penetration 5/8 in. 
for 8 ft. on butt; cost approx. $1.50 per 50-ft. pole. 

Niag. L. & O. P. 

Ch’a V.R.L. & P. Open tank; cost 40 cents to $1.50. 

Ut. L. & R. Cost one quart carbolineum and 10 cents labor 
per pole. 

Mt. Wh. P. & E. Paint poles; cost 50 cents per pole. 

Or ae a : 


TREATING CROSSARMS (QUESTIONS G-3-4) 

The following companies treat crossarms and pins as specified: 

Yad. R. P. Crossarms and pins, open tank, four hours in oil 
100 deg. cent. 4 hours in cold oil. 

Ap. P. Crossarms same as butts. 

Sou. S. P. Crossarms and pins same as butts. 

San J. L. & P. Crossarms given two coats of good paint. 

Niag. L. & O. P. Crossarms creosoted in open tanks or treated 
With avenarius carbolineum. 

Port.R. L. & P. Crossarms dipped in preservative. 

Ch’a V. R. L. & P. Crossarms brush treated. 

Ut. L. & R. Crossarms, paint and oil; pins paraffin. 

C. N. P. Pins on new line impregnated with bakelite. 

Mt. Wh. P.& E. Pins boiled in linseed oil. 
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Un. T. Crossarms and pins—open tank creosote treatment. 
Cty. S. L. Dpt. Boiled in carbolineum. 


GaIN IN LiFE By TREATMENT (QUESTION G-5) 


With regard to the gain in life from treatment note the fol- 
lowing: 

Gt. Wn. P. No deterioration as yet. 

Sou. S.P. 5 to 10 years, based on older Colorado-Nevada 
Power Co. System. 

San. J. L. & P. Creosoted butts have lasted 6 years on pine 
poles, that would otherwise decay in 16 months. We have only 
been treating pole butts for 6 years, but our experience shows the 
protection afforded is well worth the cost. Our principal pole 
timber is Washington red cedar. 

By creosoting butts and properly painting crossarms, the 
wooden pole line should have a life of at least 25 years. We have 
a Square sawed redwood line, carrying six No. 3 copper conduc- 
tors at 30,000 volts (and a portion of the time 60,000 volts), 
35 miles long. This was built 8 years ago and pole butts were 
not treated. Recent patrol and inspection showed 70 per cent 
of poles perfectly sound above and below ground. 

Niag. L. & O. P. Crossarms in good condition; poles show 
various amounts of decay at ground line. 

Port. R. L. & P. Poles last 12 to 15 years without treatment 
and under favorable conditions treatment may add two or three 
years to life of pole. 

Ch’'a V. R. L. & P. Life of poles has been increased. 

Ut. L. & R. 10 years in dry climate. 

Cty S. L. Dpt. Crossarms 12 years old show no depreciation. 


OvuTDOOR OIL APPARATUS (QUESTION H-4) 
As to the general satisfaction with outdoor transformers, oil 
switches and substations, note the following: 
Miss. P. Satisfactory. 
Yad. R. P. Satisfactory, are using them exclusively in high- 
tension work. 


Ape Ley es, 
Sou. S. P. Outdoor stations on transmission line serveasswitch- 


ing stations as well as transforming stations. Two switches 
are cut into each of these two lines passing through the station 
and a paralleling set of disconnecting switches for lines. Steel 
is used throughout for the supporting structures. Transformers 
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are all provided with trucks and each station has a transfer track 
and truck for moving transformers into a building which contains 
a pit and lifting rig and also serves asa storeroom for supplies 
and repairs. We have every reason to be pleased with the out- 
door type station of this character. 

Wash. W. P. Cheaper and satisfactory. 

San J. L. & P. We place station transformers on separate 
foundations, about 35 ft. apart. Poles are placed directly back 
of each transformer, to which are attached, by strain insulators, 
the high-tension and low-tension leads to the switch house. 
The switching house protects both high-tension and low-tension 
switches and metering equipment. This house is usually a frame 
structure covered with galvanized iron. Current transformers 
are installed indoors and potential transformers on poles outside. 
These stations have proved very satisfactory. 

Niag. L. & O. P. Westinghouse outdoor type GA, oil circuit 
breaker satisfactory. 

CW’a V.R.L. & P. Allstandard and entirely satisfactory. 

Mt.Wh’yP.& E. Yes. 

Cty. S. L. Dpt. Outdoor bushings all right on electrolytic 
lightning arresters. 


Usk oF BREATHERS (QUESTION H-5) 
Most companies report that they do not use breathers in out- 
door transformers but the following may be noted: 
Yad. R. P. Use chloride of lime breathers but do not consider 
them necessary. 
Mt. Wh’y P. & E. Yes, no trouble so far—use inverted elbow 
and fine mesh screen. 


PENETRATION OF WATER IN OUTDOOR TRANSFORMERS 
(QuEsTION H-6) 

Most companies report that no water penetrated weatherproof 
tanks, but note— 

Yad. R. P. Not when in operation and temperature high. 

San J.L.é& P. In some of smaller sizes of transformers (100 kw.) 
moisture has penetrated the tanks. However, other installations 
of exactly similar make and capacity gave no trouble. 


Outpoor Type Hicu-TENSION BUSHINGS IN WET WEATHER 
(QUESTION H-7) 


Most companies report that outdoor type bushings operate 
satisfactorily in wet weather and none report trouble. 


1914] HIGH-TENSION DATA 1049 


Corona (Question H-13) 


No plant has observed any corona except Miss. P., which gave 
a curve of corona losses reproduced in the drawing, Fig. 57. 


GENERAL 

Pa. W.& P. Note the following general comments: 

Some of the changes which we have made, or contemplate 
making, in our equipment may be of interest as indicating the 
lines along which our operating experience and experiments are 
leading us. 

A duplicate 11,000-volt generating station bus system was in- 
stalled to replace the original group single bus system. This 
change made it easier to inspect and clean buses and connections, 
and made possible a better grouping of apparatus and reactances 
to limit short-circuit rush of current. 

Reactances were installed between buses and transformers, 
and in sections of the buses. These reactances were rendered 
necessary by reason of the concentration of generating apparatus, 
giving peaks of over 70,000 kw., all of which power was sent over 
two transmission circuits to Baltimore. The destructive effects 
of short circuits backed by such large generator capacity were 
becoming serious. 

Nicholson arresters and field-destroying devices were installed 
and a fused air gap arranged for the generating station to take a 
portion of these heavy lightning discharges which are too great for 
the electrolytic arresters to take care of. The Tirrill regulator 
equipment was abandoned and a storage battery with Keil- 
holtz-Ricketts booster regulating system installed. 

During the first period of operation the relay system was based 
upon the use of inverse time-element, reverse power, and definite 
time-element relays, set progressively higher in time from sub- 
station to power house. A great deal of experimental work, both 
in the laboratory and under operating conditions, was done in 
connection with the development of more accurate relays, but the 
results were not satisfactory. For a time, a modified Mertz- 
Price system was considered and partially installed, but was 
later abandoned for the system at present in use, which gives 
immensely superior results over the previous systems. With a 
steady increase of generator capacity concentrated on a few 
circuits, the destructive effects of arcs are becoming greater, so 
that a short circuit, which previously, with a small generator 
capacity, could have been allowed to remain on for six or seven 
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seconds, now does too much damage in that time in the way of 
melting of conductors, etc., so that our experiments are now along 
the line of cutting down the length of time which a short circuit 
remains upon the system. 

We attribute our freedom from sleet disturbances to the very 
heavy mechanical construction employed and the frequent — 
spacing of anchor towers. 

We are now building a second tower line to Baltimore on thesame 
100 ft. right of way strip, 50 ft. distant from the first tower line. 
The second tower line has the following improvements: thenumber 
of members to a tower is less than previously, decreasing handling, 
erection and inspection costs, and making possible a minimum 
thickness of material of 3/16 in. as against a previous minimum 
of 1/8 in. All bolts are 5/8 in. diameter as against Vo in. dia- 
meter for the previous towers; the smaller bolts are very likely 
to be overstressed in tightening. The middle crossarm of the 
new line is being lengthened so that the top and bottom conduc- 
tors of a circuit will be in the same vertical plane while the middle 
conductor will be further away from the tower. 

This is to take care of unequal sags due to unequal sleet loading. 
Such unequal sleet loading has actually been observed on our 
lines and was anticipated in the design of the first line, but so far 
the unequal loading has not been sufficient to interfere with 
service. The distance between the crossarm and the conductor just 
above was such that on the old line buzzards when raising their 
wings to fly would ground the circuit; in the new line, a greater 
distance between crossarm and conductor above has been ar- 
ranged for. In the first line steel tripod foundation stubs were 
used for the suspension towers; in the new line, all foundation 
stubs are of concrete. Interchangeability of bolts and certain 
members has been provided for in the new towers, which makes 
easier work of erection of the towers in the way of distribution of 
material and assembly. 

In the first line as originally built there was a very considerable 
arcing over of the insulators due to lightning. A very complete 
record was kept covering the location of the disturbances, the 
phases upon which disturbances occurred, insulators cracked, etc. 
During the following year additional insulator units were added 
on one circuit over those two sections of the transmission line 
which had suffered most the previous year and a careful record 
again kept of the effect of lightning. These records indicated 
that there were no spill-overs during the second year on those 
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sections where additional insulator units had been cut in, ex- 
cept in one case where the discharge had jumped from conductor 
to crossarm below; this clearance distance having been decreased 
by the additional insulator units. Then additional strain and 
suspension insulator units were cut in on both circuits, so that 
at present No. 1 circuit has seven instead of five insulator units and 
eight instead of six strain units. Circuit No.2 has six instead of five 
insulator units and seven instead of six strain units. The im- 
provement, as regards lessened lightning spill overs, during the 
time the more heavily reinforced lines have been inservice, has 
been marked. 

The first transmission line was equipped witha single ground 
wire. Our experience has not indicated that this ground wire 
has been of any benefit in preventing disturbances. In order to 
establish the matter a little more definitely, the new transmission 
line is being equipped with two ground wires placed above and 
outside of the upper power conductors. The ground wire on the 
first line was originally strung so tight as to cause considerable 
trembling of the towers and it was necessary to cut in additional 
ground wire to increase the ground wire sag. This was done 
during operation without interfering with service. 


DRAWINGS 


The following cuts are reproduced from drawings, charts 
and photographs submitted by the various reporting companies. 
In most cases the drawings have been redrawn to eliminate un- 
necessary detail and to consolidate the useful information 
embodied. The significance of each drawing may be obtained 
from its title, combined with the legends or other information 
on the face of the drawing. In all cases except one the name 
of the company furnishing the information is noted. 

A number of valuable maps, charts, and photographs were 
received which could not be readily reproduced. These are 
open to the inspection of members of the Institute at New York 
headquarters. The Secretary will, where feasible, furnish 
copies for cost* on application. A list of some of the more 
valuable matter not reproduced follows: 


Geographical Maps. Gt. Wn. P.; Yad. R. P.; Mex. L. & P., Ap.. P.; 
Somme Gu Ps Nias, L. & ©. P.; Port. Ro LL & P.; Mt. Wideay 12, Ce IBn5 DG 


*In case of blue-prints retracing will generally be necessary. 
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Line Circuit Diagrams. *Mex. L. & P.; *Pa. W. & P.; *Niag. L. & 
OsPoe W'n St's. (Gade ECA. sy Mt. Wh’y P. & E.; *Pug. S. T. 
Lens \ 

Design Drawings of Steel Towers with Details. Miss. R. P.; Yad. 
R. P.; Niag. L. & O. P. (pipe towers); C. N. P. (pipe towers). 

Detail Drawings of Wood Pole Construction. Niag. L. & O. P. (pin 
details of A-frame top); Wash. W. P. (two-pole braced ‘‘ bridge”’ 
construction, 2 types one circuit line with one ground wire, 2 types one 
circuit line with no ground wire, angle towers with grounded wire guards); 
also W’n St’s G. & E.; Pug. S. T. L. & P., (A-frame pole and pole-top 
switch); and X. 

Miss. R. P. Tower foundation drawing. 

Wash. W. P. Details of telephone line transposition. Detail of cable 
clamps and usual attachments for suspension insulators; wrought iron pin; 
details of extension of middle crossarm on steel towers added after erec- 
tion. 

Port. R. L. & P. Details of ‘‘ jumper” at strain pole and insulator 
attachment; detail of outlet and the first span of the line at power house. 

Niag, L. & O. P. Detail arrangement of room with transformers, 
electrolytic arresters and wiring. 

Mt. Wh'y P. & E. Details of 33,000- and 6600-volt telephone and 
railway crossing. 


ENGINEERING Data SuB-COMMITTEE 


Percy H. Tuomas, Chairman. 
W. A. CARLE C. S. McDowELL 


F. F. Fow.Le HAROLD PENDER 
H. M. HosBart Ee Bakoss 
L.-E. IMLay WitSmeRoee 


O. A. KENYON C. E. SKINNER 
A. S, McALLIstTER C. W. STONE 


*Showing sectionalizing of busbars, types and locations of circuit breakers, etc. 
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SECTION OF ALL CROSS-ARMS 


SECTION B-B 


Fic. 1—YAKDIN RivER PowER Co.—STANDARD DOUBLE CIRCUIT 
TRANSMISSION TOWER FOR 100-Kv. LINES 
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Fic. 2—YApKIN RivER POWER Co.—SaG AND TENSION CURVES FOR 

No. O. B. & S. COPPER STRAND. 


Notre:—Maximum strain 25,000 1b. per sq. in. at Odeg. fahr., iin. sleet, 50 mi. per hr. wind 
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LIST OF MATERIAL FOR ONE COMPLETE TOWER. (See Fig 1). 
Length 
Size 
No. | Shape Mark | Remarks | Weight in Lb. 
Ft. In. 
1 L 3x3 x3/16”| 27—- | 8 5/16 | C-1 102. 
3 LS 3x8 ox 3/16 P27— | 8 5/16) C=2 308. 
1 16, 22x2%x3-16 | 21- |10 C=3 74 
3 Lo 22224 x oem pote 110 C-4 222 
1 0; 24 x 24x 1/8 18= | 83/16 C-5 38. 
3 Lé 24x 24x1/8 18— | 83/16 C-6 116. 
4 1 23x 2$x1/8 6- 8 1/8 C-7 55 
2 Le 24x 24x 1/8 6— | 43 A-1 26 
2 Ls 24x 24x1/8 6— | 43 A-2 26 
4 Le 24x 2}x1/8 6— | 43 A-3 53 
4 Lé 24x 23x1/8 6— | 43 A-4 53 
4 Flats |13x 3/16 7- | 59/16 A-5 23 
4 Flats |1}x 3/16 7- | 63/8 A-6 24 
4 Flats |1}x 3/16 g— | 42 A-7 30 
6 To |44x3 x8.4 0 5 3/16 A-8 21 
4 Lé 14x1}x1/8 25 57/8 W-1 125. 
4 LS 1} x1}x1/8 25 57/8 W-2 125. 
8 LS 1}x1}x1/8 2 4} W-3 19 
8 Ls 1}x14x1/8 5 Toys w-4 45 
8 LS 1}x1}x1/8 4 8 3/8 W-5 37 
16 LS 1}x1}x1/8 iT 0 3/8 W-6 sh Mee 
4 Ls 23x 2tx1/8 10 11? W-8 100. 
8 LS 14x14x1/8 11 89/16 | W-9 115. 
8 LS |13x14x1/8 10 315/16] W-10 101. 
4 Lb 14x1}x1/8 9 49/16 | W-1l1 46 
2 15” 123 x23 x'8/16 9 49/16 | W-12 57 
8 Lt 14x1}4x1/8 8 41/16 W-13 82 
6 LS 13x1}x1/8 7 45/8 W-14 63 
4 Lo Dex wes 4 5 W-15 29 
4 LS |13x12x1/8 6 231/32] W-16 36 
4 LS }12x13x1/8 6 2 31/32| W-17 36 
4 Lt 13x 1$x1/8 6 231/382) W-18 36 
4 LS {13x 12 xfi/8 6 231/32| W-19 36 
16 L5 }14.x 14 x;1/8 6 21/8 W-20 99 
2 LS Wagar yg ail/As3 4 5 W-21 14 
2 LS Piet ue ral ys 4 5 W-22 14 
4 Lt 14x 1}x1/8 4 32 W-23 21 
4 LS 1}x1}x1/8 6 1} B-1 24 
2 Flats |14x 3/16 15 89/16 B-2 24 
6 Flats {14x 3/16 6 23 B= 3 29 
38 |B.°H. Stlep Bits 3”¢ 0 51/8 |Hex. Nult 1#’Thrd. 16 
38 |Pieces }”|¢ Gas Pipe. 0 4 Ends Sq|uare 10 
38  |Washers |1 3/8” ¢ 9/16” |¢ Hole |No. 12 Glage ae 
390 =|Bolts 4” |@ 13” Lnd. ” Min. Grlip Sq. Hd]. Hex. Nut. 6 
4 |Bolts 4” 2” Lng. 7/8 Miin. Grip |Sq. Hd. He|x Nut 

1 {Ground |Wire Clamp We 
2 LS 12x1}x1/8 7 45/8 W-24 216 
2 L524 x 23x 3/16 9 49/16 | W-25 57. 
6 Insulator| Hooks 8 
Total |Net Wleight of Jone Stan/dard Tower 2814 
4 Lose sexs 8 0 S-1 156 
4 Cc’ 12"-203” 1 6 S-2 123 
8 Pls. 8x4 0 2 S-3 16 
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Fic. 3—GREAT WESTERN POWER Co.—Top OF SPECIAL TOWER AT 


SIDE VIEW 


ELEVATION 
Fic. 4—GRrEAT WESTERN POWER Co.—SPECIAL TOWER AT KELLY 


WeEstT ISLAND 


ISLAND 


, | . a avi Tie Rod | 
y \ a 


Fic. 5—Great WeEstTERN POWER Co.—SKETCH oF STANDARD TOWER 
Locke 
/nsula tor 
~ Stee/ Clamps or 
Aluminum 
“2000 Volt Insulator 
Fic. 6— 


SAN Joaouin Licut AND PowErR CORPORATION. 


DETAILS OF 
ANCHORED POLE 


Fic. 8—CANADIAN NiAGARA POWER Co. 
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Fig 7—NzAGARA, LOCKPORT AND ONTARIO POWER COMPANY. 
STANDARD A-FRAME STRUCTURE. 
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Fic. 9—APPALACHIAN PowER Co. PoLE LINE CONSTRUCTION STANDARDS 


“Overhead Ground 


e 
Sy 
8 
be ¥ wh 
K--- /4'9”%-s1-¥ be--72/9” 4 ke 16/6" ke 15°34 
Std 40 ft Tower. Present Sta. 53 f+ 7% 
Line. Spari-400 ft (ES ERAS: 


Line. for 650 Ft Span 


Fic 10—Toronto Power Co. Fic. 11—Toronto Power Co. 
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Fic. 12—-PENNSYLVANIA WATER AND POWER Co: 


Load Wind Total 
from wire] pressure Load 
if 1.9 0.22 2.12 
II 1.9 0.43 2.333 
III 0.14 0.14 
IV 1.9 0742) 2.32 
V 0.14 0.14 
VI iN) 0.47 Buh 
Vil 0.22 0.22 
= VIII 0.23 0.23 
IX 0.25 0.25 
x 0.49 0.49 
XI 0.64 0.64 
Wind pressure =13 lb. per sq. foot. 
Load Factor 
Loca~- per.sq Ultimate of 
tion | Load | inch Section Area | Strength | Safety 
Heidt | 6828 | 5.65 13% x37 xid/167) 4011 39.86 ae 
seas |) eis || Cee IS G C: 3 43” 
1-20 |14.08 | 5.85 |4”x 4” x 5/16”) 2.41 35.92 6 
Ry ls OS | Gb |S © o cs as 54 
1-26) 15.94 |) 6.62) |“ = g 4 5 54 
J-29 |10.2 6.36 | 47x 4" x 3/8” || 2.86 35.51 54 
Wale, | iL i | BBG |e sek seer .50 13.27 54 
18-20 “fas, | Bake s my0) 10.92 64 
21-23 .69 YB Sue ae & & .50 9.00 64 
24-26 La | a) oP £ .50 5.85 5 
I-31 [19.15 | 6.70 14% x 4” x 3/8 | 2.86 32.51 5 
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DETAILS OF TOWER. 
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Fic. 14—Great WESTERN; Power Co. 
SKETCH OF TOP oF REINFORCED TRANS- 
POSITION TOWER. 


Fic. 15—Mrssiss1ppy RIVER Power Co. 
SPECIAL CROSSARMS FOR ANGLE ToweErR 


Fic. 13—NraGara, LOCKPORT AND 
ONTARIO PowER Co. 49-Foor SINGLE 
AND DOUBLE PIN TOWER 


1914] 
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Fic. 16—WESTERN STATES GAs AND ELECTRIC Co. 
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Ansulators 
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TRIANGULAR CON- 


STRUCTION OF 60,000-VoLT TRANSMISSION LINE. 


DxD<DxI 


SECTION Aa-Aa 


DxD Del 


SECTION A-A 


Fro. 17—GrEAT WESTERN POWER Co. 


SIDE VIEW OF TOP 


Tops oF Two SPECIAL TOWERS 
AT ISLETON 
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. 24" Eye Bolt 


5x 6"Bloc 


= 


Std 60000 V 
= Strain Insulator 


DETAIL OF TOP FIXTURE 


Fic. 18—Pucret Sounp Traction LicuT AND POWER Co. SQUARE 
TuRN oN 60,000-VoLT LinE ConsTRUCTION 


No. 3/1 Locke 


2°WI. Pipe Gal 


Md If x4 x30"Gal 
a whoaes 


Fic. 19—Mr. Wuitney POWER AND ELEcrRIC 
Co. STANDARD CONSTRUCTION FOR 35,000 VoLtts 


Fic. 20—THE WasHINGTON WATER 
POWER Co. OVERHEAD GrouND WIRE 
SUPPORT, ODESSA TRANSMISSION LINE 
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Fic. 22—WASHINGTON WATER POWER Co. 
PoLE Tor CONSTRUCTION FOR WILBUR HARTLINE 


TRANSMISSION LINE 


23—MEXICAN LIGHT AND POWER 


FIG. 


85,000-VoLtT RooFr BuSHING 


Co. 


i’ 
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Fic. 24—NraGara FALLts PowER Co: 
INSULATOR AND PIN 
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SECTION A-A 
Fic. 25—PuceEt SounD TRAC- 
TION, Ligut & PowERCo., In- 
SULATOR PIN FOR CRossaArM, 
60,000-V oLt PoLe LinE, HEAvy 


CONSTRUCTION. SEE Fic. 26 
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Fic. 26—PuUGET SOUND 
TRACTION, LIGHT AND 
POWER Co. INSULATOR 
PIN FoR Pore Top, 
60,000-VoLtT PoLeE LINE, 
HEAVY CONSTRUCTION. 
SEE Fic. 25 
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Plate may be trimmed on" ~ 
this line 
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Fic. 27—Mtssissipp1 RivER PowER Co, CONDUCTOR 
CABLE CLAMP 
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Fic. 34—NIAGARA, LOCKPORT AND ONTARIO POWER Co. PROFILE 


REVISED CROSSING OVER NIAGARA GORGE 
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Fic. 835—GREAT WESTERN PowER 
Co. TowrErR Footincs For STAN- 
DARD TOWERS 
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Fic. 37—Great WESTERN PowER Co. 
FOOTINGS FOR ANCHOR TOWER ON 
TENSION SIDE oF ANGLES 


275 Cu Yds 
“ perFfr. 


Fic. 36-—GREAT WESTERN PowEr Co. 
StuB FooTtINGs FoR 37 DEG. ANGLE 
TOWER ON COMPRESSION SIDE OF 
ANGLES 


Pls, 78x gx 
. 63" 
Angles 33" 

ine Leh sf 
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Fic. 388—W AsHINGTON WATER PowER 
Co. GrRavEL ANCHOR FOR STEEL 
TOWERS 
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PLAN OF PLATE 


£09-S) ..--Founda tion of Rod. 


“Galvanized fron PI. 


Fic. 39—NIAGARA, LOCKPORT AND ONTARIO POWER Co. GROUND FOR 
TRANSMISSION LINE TOWERS 


ANCHOR ROD BASE 


STUB BASE 


FRONT ELEVATION 


Fic. 40—-GREAT WESTERN POWER Co. Bases FOR 37-DEG. ANGLE 
TOWER 


FOUNDATION FOR 


Fic. 41—PENNSYLVANIA WATER AND Power Co 


40-FT. Ligut SECTION TOWERS 


Cable bolted to An 
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CONCRETE 


Ge 42—PENNSYLVANIA WATER AND PowErR Co. 


TION FOR HEAVY Towegrs 
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Fic. 43—-PENNSYLVANIA WATER AND POWER (Cos CROSS-SECTION 
THROUGH TRANSFORMER HOUSE, SHOWING OvuTGOING LINE 
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Fic. 44—WESTERN STATES Gas AND ELECTRIC Co. STANDARD EXIT 
FOR TRANSMISSION WIRES AT SUBSTATIONS 
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70 Outdoor Arrester 
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Fic. 45—Mexican Licut ANp POWER Co. PrRoposED Roor ENTRANCE 
FOR HIGH-TENSION LINES AT NONOALCO SUBSTATION 
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Fic. 46—WasHINGTON WATER PowErR Co 
60,000-VoLtT Ling ENTRANCE 


Fic. 47—WasHIncGton WATER 
POWERCo. Derair OF WALL 
ENTRANCE FOR HiGH-TENSIoNn 
LINE, ODEssa SUBSTATION 
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Locke 664 


Fic. 48—NIAGARA, LOCKPORT AND ONTARIO POWER Co. 
Hi1GH-TENSION OUTLET THROUGH WALL 


DETAIL OF 


Fic. 49—Toronto PowER Co. DETAIL OF 
HiIGH-TENSION OUTLET THROUGH WALL 
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3 -/nsulator 
Hook Attach 


Line Insulators” 


Fic. 50—PortLanp RAILway, LiGHT AND PowEr Co. ARRANGEMENT 
OF OUTGOING LINE BUSHING 


Fic. 51—Mexican LiGuHt AND POWER Co., Lrop. ARRANGEMENT OF 
OUTLET FOR LINE FOR 85,000 VoLtts ar NECAXA PowER House No. 1 
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SUBSTATION HIGHLANDTOWN, MD, future Feeders 
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Fic. 53—PENNSYLVANIA WATER AND PoweErR Co. DIAGRAM OF SUB- 
STATION CIRCUITS 


400' SPAN 500’SPAN 600' SPAN 


Fic. 54—PENNSYLVANIA WATER AND PowrErR Co. DEFLECTION OF 
CABLES FOR TRANSMISSION LINE No. 1, BALTIMORE 


Step-Down Trans. 
E/ Oro 
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Step-Down. Trans, 
Dist Sta. Pachuca 


Gen. Sta 


Step-Up 
Trans. 
Necaxq@ 


Step-Down 

Trans. 

Step-Down Trans. San Juan Gen. Sta. Step-Up Trans, 
Mexico City - Huauchinango 


Fic. 55—MeExican LicHt AND PowErR Co., Ltp. D1AGRAm or HiGuH- 
TENSION TRANSMISSION LINES 
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Fic. 58—Mexican LicHT AND Power Co., Ltp., VERTICAL AND Hort- 
ZONTAL ANGLES. 
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Transmission Conductor. 


Fic. 59—WASHINGTON WATER PowER Co. TRANSPOSITION 
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Fic. 60—WasHINGTON WATER Power Co. DETAIL OF 
TELEPHONE INSULATING STAND FOR LINEMAN 
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Fic. 61—SourTHERN SreRRAS PowER Co. DIAGRAM OF SWITCHING 
STATION 
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Fic. 62—SoOUTHERN SIERRAS POWER Co. 
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Fic. 65—' X.” Derrait oF PoLtE Tor—50,000-VoLT SINGLE-CIRCUIT 
TRANSMISSION LINE 
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APPENDIX 


Following is the list of questions submitted to high-tension 
operating companies from which the answers to the foregoing 
data have been compiled. 


A 
THE LINE AS A STRUCTURE. 
ONLY SysTEMs OF 25,000 VoLts or HIGHER 


1. Outline drawings of your standard high-tension lines. Side view 
of span and a view at the tower looking along the line. 

2. Give height of pole or tower, dimensions and locations of crossarms 
and position of wires, distance between two circuits on same 
towers, foundations, show all overhead grounded wires, etc. 
Attach sketches hereto. Also give: 

3. Total length of main line. Altitude. General air 

temperature range. 

Size and material of conductor, core, if any, etc. 

Length of standard span. 

Sag is at temperature of deg. cent. 

Manufacturer and manufacturer's catalogue number of high-tension 

line insulator. 
8. Material of insulator. 
9. Standard clearance above ground at middle of span. 

10. Minimum clearance above roadways. Over railways. 

11. Details of pin construction. 

12. Form of straininsulators. (Sketch preferred, with catalogue number 

and make of insulator.) 

13. How many units in series? 

14. Dry test given standard line insulator. 

15. Dry test given strain insulator. 

16. Wet test given line insulator. 

17. Wet test given strain insulator. 

18. How is the ‘‘loop’”’ in the conductor around the strain insulators 

at an anchor tower made? 


19. Describe fully any exceptionally long spans, and attach description 
hereto. 


20. Describe any special features of line construction having particular 
interest. 
21. Describe method of turning angle, horizontal or vertical, or main line. 


22. Describe and show sketch of outlets from buildings for high-tension 
wires. 


23. How are steel towers grounded? 

24. Where systems at different voltages are connected together on the 
high-tension side, are auto-transformers, or separate coil trans- 
formers, used? 

25. What sorts of deterioration do you observe in the conductor, insula- 
tors or towers after long service? 


ID oe 


PLATE LX, 
(Xo ly 136 155 
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{[tHOMAS] 
Fic. 66—SoOUTHERN SIERRAS POWER Co. SAN BERNARDINO OUTDOOR 
TRANSFORMER STATION 


[THOMAS] 


Fic. 67—-SOUTHERN SIERRAS POWER Co. OUTDOOR TRANSFORMER 
STATION AT THE SAN BERNARDINO GENERATING PLANT 


PLATE LXlI, 
A. 1, E, E. 
VOL, XXXII, 1914 


[THOMAS] 
Fic. 68—SouTHERN SIERRAS POWER Co. LONE PINE SuUBSTATION— 


60,000-Vo_t Non-Automatic Crrcuit BREAKERS 


[THOMAS] 
LONE PINE SUBSTATION 


Fic. 69—SouTHERN SIERRAS Power Co. 


FLAITEC LAI. 
A. 1. E. E 
VOL. XXXII, 1914 


[THOMAS] 


Fic. 70—SOUTHERN SIERRAS POWER Co. View OF SUBSTATION AT LONE 
PINE 


; [THOMAS] 
PowER Co. CONTROL STATION NEAR 
COMMENCEMENT OF TRANSMISSION 


Fic. 71—-SoUTHERN SIERRAS 
Mout or BisHop CREEK CANYON— 
TO SAN BERNARDINO 


A. |. E.E. 
VOL. XXXII, 1914 


(THOMAS] 
Fic. 72—PENNSYLVANIA WATER AND PowER Co. NICHOLSON’s LIGHT- 


NING ARRESTERS 


(THOMAS) 
CONTROL STATION AT BIsHop, 


BLE BREAK, PNEUMATICALLY-OPERATED, SYNCHRONIZING 
CIRCUIT BREAKERS 


Fic. 73—SouTHERN SIERRAS POWER Co. 
SHOWING Dou 


PLATE LXIVv. 
ALN. E. Ey 
VOL. XXXII, 1914 


Fry versertcs. 
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{rH0MAS] 
Fig 74—SouTHERN SIERRAS POWER Co. TRANSFORMER STATION, 
Power PLantT No. 6 


[THOMAS] 


Fic. 75—Mississipei RIVER POWER Co. RooF STRUCTURES FOR 110,000- 
VoLt LINE ENTRANCE 


PLATE LXV, 
A; I.E. E. 
VOL, XXXiII, 1914 


] 
Fic. 76—Mississipreit R1ivER PowERCo. TuRNIN LINE AT TOWER No. 12 


PLATE LXVI. 
Ay ERE ee 
VOL. XXXII, 1914 


[THOMAS] [THOMAs] 
Fic. 77—PENNSYLVANIA WATERAND FIG. 78—SOUTHERN SIERRAS POWER Co. 
Power Co. STANDARD ANGLE TOWER TRANSMISSION LINE UNDER WIND STRESS 
(See deflect’on of insulators.) 


[THOMAS] 
Fic: 79 PENNSYLVANIA WATER AND POWER Co. PArtT oF INTERIOR OF 
GwrtcH RooM, GENERATOR STATION, SHOWING REACTANCES 


PLATE LXVII, 
Ral Eaves 
VOL. “XXXIM, 1914 


[THOMAS] 
Fic. 80—PENNSYLVANIA WATER AND POWER Co. 


70,000-Vott Bus Room, Hottwoop 
RESISTANCES IN NEUTRAL GROUND CONNECTION 
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B 
CALCULATION OF LINE 


CONDITIONS ON WHICH THE ORIGINAL DESIGN OF THE LINE WAS BASED 


1 


2. 
3. 


20. 


21. 


22. 


23. 


. Size of conductors and elastic limit and modulus of elasticity assumed 


in the design 

Elastic limit and modulus by actual test. 

Same for overhead grounded wires if used. Design value 
Test value 


. Breaking strength assumed in the design ‘ Breaking strength 


by test 

Maximum strength pin, assumed in the design . As determined 
by test ; 

What maximum stress conditions were specified in the design for poles 
or towers, to determine their strength, e.g., was it made a condition 
that the line should stand, if all conductors were cut on one side of 
tower? 

Maximum wind stress assumed for bare wire, pounds per square foot 
of projected area. 

Accompanying air temperature assumed for question 7. 

Maximum and minimum air temperatures assumed for determining 
limits of sag. 

Maximum thickness ice assumed on conductor. 

Accompanying air temperature assumed for question 10. 

Accompanying wind pressure assumed for question 10, pounds per 
square foot of projected area. 

Are special ‘‘strain’’ or ‘‘ dead-end’”’ towers used on tangents? 


. If so, where, and how often? 


What stress conditions are these special towers designed to stand? 

Have you any towers made flexible in the direction of the line? 

If so, where are they placed, and how often have you dead-end towers? 

What stresses are the flexible towers designed to stand, longitudinal 
and transverse? 

If the outline of such flexible towers is not given under ‘‘ Line Struc- 
ture,’’ please give sketch here. 

Where suspension type insulators are used, what maximum angular 
deflection from the vertical under transverse wind strains was 
assumed in the design? 

What was actually found (a) Steady wind conditions? 

(b) Swings? 

What factors of safety were used in the design? 
a. Conductor, compare elastic limit with load 
b. Tower structure 
ce. Overturning foundations 
d. Overhead grounded wires 

Is the overhead grounded wire relied upon as part of the mechanical 
supporting structure in the direction of the line? 


1086 


oP WwW bh 


23. 


24. 
25. 
26. 
PH 
28. 
29. 


30. 
31. 
32. 


33. 
34. 
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C 
OPERATION 


_ What is the standard method of cutting off high-tension lines, both 


for light and loaded lines? 
How do you cut off a main line short circuit that holds on? 
Do you use automatic overload circuit breakers? If so, where? 
Are they instantaneous, inverse time limit or definite time limit? 
What settings do you use on overload breakers and on time limit 
relays? 
Do you use several relays with different time limits on different parts 
of a circuit and if so do the short time relays protect the others? 


. Do you use reverse energy relays? If so, what type? 


When do they operate selectively ? When non-selectively ? 


. Can you clear a heavy main line short circuit without a synchronous 


load dropping out of step? If so, how, and under what conditions? 
Do you operate any lines parallel at both ends? In this case can you 
cut out trouble on one line automatically without losing the load? 


. How do you locate line troubles? 


Do you operate all lines from one busbar? 


. If so, is it a high-tension or low-tension busbar? 
. In case of several stations, are all connected directly to the same 


network? 


. How many power houses are connected to one system? 


How many of these are water power? 

How many are steam? 

What are the capacities of each? 

What is the maximum total load in system? 

How do you regulate distribution of power between power stations? 


. How regulate voltage? 


How do you secure constant voltage at intermediate points on a long 
line? 

Where several power houses are connected to the same system, what 
happens when a short circuit occurs near one power house, that is, 
how does it affect the rest of the system? 

Is the high-tension neutral gounded? If so, at how many points? 

If so, is it through resistance? 

Answer for each point of grounding. 

If so, how much resistance? 

How made up? 

Have you ever operated, for even a brief period of time, with the 
line wire grounded? 

If so, how long? 

What was the effect on the rest of the system? 

Have you a circuit breaker relay in connection with a grounded 
neutral to cut out automatically a single grounded line wire? 
If so, how arranged? 

What is the total normal charging current of the system? 

What is the power factor of the load at the generating station? 
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35. 


36. 


37. 
38. 
39. 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
50. 


51. 
52. 


53. 


Do you use the method of operation which consists in dividing the 
plant into self-supporting groups and connecting the groups at 
some point to facilitate the carrying of peak loads and putting 
instantaneous overload breakers in these connections so that 
when trouble occurs in one section the others will be immediately 
cut off by these breakers and left to operate alone? 

What are most common causes of interruption of service? If possible 
give the percentage of total interruptions caused by various kinds 
of trouble. 

Have you any lead-covered cables operating at 20,000 volts or higher? 

If so, what sort? What success? 

Are any such cables in series with overhead lines? If so, 
what protection is used? 

What is the difference in voltage between the two ends of the line 
atfullload? Specify the load and power factor at one end of the line 
and the length of the line. 

How and where are the operations of the system controlled? 

Do you have automatic voltage regulators on any of your generators? 

If so, what kind? What results? 

Have your oil switches ever failed to open a heavy load or short 
circuit? 

If so, under what conditions? What type of switch? 

Do you work on one line on a tower with another line alive? 

As a matter of experience do your line insulators fail on laboratory 
test by flash-over, or by puncture? 

As a matter of experience do your line insulators fail in service by 
flash-over, or by puncture? 

Where suspension insulators puncture, which insulator in the string 
is the most likely to puncture? 

Do the strain insulators fail more often than the vertical suspension 


strings? 
Do you use synchronous apparatus to correct power factor? 
If so, how? With what success? 


Do you use reactance coils for this purpose? 

Have you had any trouble from mechanical oscillations or waves or 
swinging of your transmission conductor? If so, please explain. 

At what frequency or frequencies do you operate? 


Norte. If the above questions are not suited to bring out the methods of 


— 


ie) 


operation or points of interest of your plant, please give such ad- 
ditional information as you may desire. 


D 
LIGHTNING AND LIGHTNING PROTECTION 


What type and make of high-tension arresters do you use? 

Where located in line? That is, whether indoors, outdoors, at exit 
from building, out on line, at what substations, etc. 

Total number on lines 

For what discharge voltage are they set, that is, at what margin over 
line voltage? 

How often are they charged, if electrolytic arresters are used? 
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Is charging resistance used? Does this do away with high- 
frequency effect at time of charging? 
How many lightning storms in average season? 
How often do arresters discharge? 
Do they discharge whenever one leg of the line is grounded? 
How long will they stand a continuous discharge safely, as when 


there is a permanent ground on a line wire? 


. How many interruptions of service on main line per season due to 


12. 


13. 
14. 
15. 
162 
ie 
Nore. If-you have had any experience with overhead grounded guard wires 


Bon 


ie.) 


10. 


ik, 


lightning? 
How many cases of high-tension station apparatus injured by light- 
ning per season? 
How many line insulators punctured by lightning per season? 
How many line insulators cracked by arc over surface per season? 
Are resistances used in ground connections of lightning arresters? 
If so, how much? 
Of what material and how made? 


on your transmission line, please summarize your evidence as to 
their effectiveness and give as a separate statement your views 
as to the desirability and effectiveness of such protection. 


E . 
SPECIAL PROTECTION FEATURES 


Do you use arc “‘ suppressors?”’ 

Do you use automatic grounding devices? 

Do you use automatic line short-circuiting devices? 

. If you use any of the above, please give a brief outline of their 
principle of operation and your experience with them as fully 
as you may be willing to do so. 

Do you use any other special forms of protective apparatus against 
short circuits, interruptions, or grounds, such, for example, as 
static cable protectors? 

Do you use reactance coils in yourcircuits to prevent too heavy 
short-circuit currents? 

If so, where are they located, in the system? 

. What maximum current do they permit on full voltage? 

. What could be the maximum short-circuit current of the system 
at the same point without these reactances coils? 

Have you had any objectional features of such reactance coils 
develop? 

Do you lower the generator field strength in case of trouble, 
either by hand or automatically? 


F 
TELEPHONE © 


How does your company telephone line run on the transmission 
poles or towers? 


. If not, how is it run and by what route with regard to the main 
line? 
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. What size and material are the conductors? 
. How far spaced from transmission line, how are the telephone lines 


themselves spaced? 
How transposed? 
How is power line transposed? 


. What precautions are taken to protect users of the company 


phones? 


. Is the phone usable at all times during operation? 
. If not, when is it not usable? 
. What is the effect upon the telephone line of various sorts of 


trouble on the transmission line? 


G 
PRESERVATION OF WOOD 


. Do you use any treated wood? 

. If poles, how do you treat them? 

. If crossarms, how do you treat them? 

., If pins, how do you treat them? 

. How have they lasted? What length of time and under what general 


conditions? 
How much does it cost to treat? 


. What disadvantages has treating? Ae 
. For what conditions do you advocate wood, the use of wooden 


poles or crossarms? 
Have you any special means of protecting pole butts from decay 
or fire? 


H 
MISCELLANEOUS 


. Have you outdoor substations? 


Have you outdoor transformers? 
Have you outdoor switches? 


_ If either, please state essential features briefly and whether you 


are pleased with them. 

Do you use ‘‘ breathers’’ to keep moisture from tanks of out- 
door type of apparatus? What sort and what success? 

Does moisture actually penetrate your weatherproof tanks? 

How do the high-tension terminals act in wet weather? 

How do you protect tanks from the heat of the sun? 

Have you tested oil from outdoor apparatus that has been over a 
year in service? If so, what result? 

Do you follow the overhead crossings specifications prepared for the 
national standard by the Joint Committee on Overhead Line 
Construction of the N. E. L. A.? 

Do you use any bimetallic or copper-clad cables? 

If so, are they satisfactory? How used? 

Any observations on corona? 
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Discussion ON ‘‘ ENGINEERING DATA RELATING TO HIGH- 
TENSION TRANSMISSION SYSTEMS ”’ (SUB-COMMITTEE RE- 
porT: Tuomas), Detroit, Micu., JUNE 25, 1914. 


John B. Fisken: On page 1023 it is stated for the Washington 
Water Power Company, ‘ We have noted no deterioration in 
conductors.” That, as far as I know, was true up to within 
the past few weeks. Since I left home I have been advised that 
a very serious deterioration has been noticed in some of the 
conductors. I have a small sample of wire here which was sent 
to me at Detroit, which I will give to the chairman; it shows the 
deterioration to which I refer. I do not know what the cause 
is, and I cannot account for it, unless it is a corona effect. 
It appears to be a very serious matter. This line has been in 
operation about eleven years. The first eighteen months it 
was operated at about 45,000 volts, and since then at 60,000 volts. 
The triangle is 42 inches. The insulators are carried on iron 
pins and wooden poles, and until about two years ago the pins 
were not grounded. At that time we did ground the pins and 
that has had some effect on the wire, possibly. I merely call 
your attention to this to show that we at any rate have found 
deterioration in the conductors. 


Percy H. Thomas: There is a marked deterioration in the 
wire; a wasting away in spots of the metal at least 1/16 in. deep. 
We are greatly indebted to Mr. Fisken for bringing this point 
forward, and it is a matter that we should all bear closely in 
mind. What part of the system was this taken from, and what 
were the conditions surrounding the line at that point? 

John B. Fisken: The climate is such that for about two 
months in the summer there is practically no rain. The average 
annual precipitation is about 22 in., and the elevation where 
that wire was taken down was about 2500 ft. 

Percy H. Thomas: Was this deterioration noticed generally 
over the system, or at some particular location? 

John B. Fisken: We have only gone over a few miles of the 
line, and it has been noticed all over that portion. This matter 
has only come up within the last month, so we have not had time 
to make a full examination of the rest of the line, which is about 
100 miles long. 


S. C. Lindsay: The Committee states that there were only 
a few companies using protective relays, and that the Puget 
Sound Traction, Light and Power Company does not state 
the result of selective action. When the data were compiled 
we had only two lines equipped with reverse-power relays, and 
we had not had a case of trouble on either line since they were 
installed. The question of equipping our whole system with 
automatic relays had been thoroughly investigated, and the 
equipment was being installed when these data were supplied. 
Since forwarding these data to the committee we have had 
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several cases of trouble, and on the whole are getting very 
encouraging results from our automatic relays on networks of 
lines. We have three networks, 50,000-, 13,000- and 2200-volt 
lines. Our relay installation is not complete at this time, 
but within the course of a year our company will be able. to 
contribute additional data on the question of automatic relays 
for protecting networks. 

Percy H. Thomas: The matter of protecting telephone lines 
on the same towers as high-tension lines, or even in the same 
general neighborhood and paralleling high-tension lines, is a 
most important one. There are two difficulties encountered, 
the difficulty of talking and hearing, and the danger to the 
operator. 

The difficulty of talking is due to electrostatic, and, to some 
extent, electromagnetic, induction between the high-tension 
line and the telephone line. It is of course the long parallelism 
between them that makes the situation serious, on account of 
the very great sensitiveness of the telephone. The telephone 
line is so sensitive to this disturbance that putting the telephone 
line a mile away from the power line will not prevent interruption 
of telephone service under most conditions whenever the power 
line is grounded or short-circuited, or by the charging of elec- 
trolytic arresters, or almost any kind of electrical disturbance. 

If the telephone line is a mile away and has not protective 
means, talking is usually impracticable when the power line is 
upset from any cause. It is relatively easy, however, to protect 
such a telephone line so that talking is good, for example 
by the use of drainage coils. The drainage coil is a transformer 
winding connected between the two telephone wires and having 
its middle point grounded. 

The characteristic of the voltage disturbance produced in a 
telephone line by the power line, which distinguishes it from the 
useful voltage in the telephone line producing the talk, is the fact 
that induction from the power line affects both telephone wires 
alike: If the induction is such as to raise the potential of the 
telephone wires they are both raised at once, and if it is such as 
to lower the potential they are both lowered at once. Talking 
through telephone wires, on the other hand, produces potentials 
positive on one telephone line and negative on the other. The 
power disturbance raises them or lowers them together. | A device 
which will prevent a change of potential of the same sign 1n the 
two wires, but will permit potentials of opposite signs to exist 
in the two wires, gives the desired result of permitting talk 
and resisting induction. The drainage coil does just this. The 
induced currents which tend to flow to ground at the same time 
from the two telephone wires are unimpeded, since the magnetic 
effects in the windings will neutralize each other, and will not 
produce any magnetism in the core of the transformer. There- 
fore, the only impedance to ground they meet is due to the resist- 
ance of these windings and to whatever magnetic leakage there 
may be between the two halves of the winding. 


1092 HIGH-TENSION TRANSMISSION [June 25 


Obviously, the disturbance produced in the telephone wires 
by the power line is of such a nature as to send a charging current 
into, or out of, the two telephone wires at the same time. if 
no charging current can flow, the induction affects the potential 
of the two wires. With a connection to ground, the effect of 
the disturbance is to produce charging current in the two wires. 

It is impossible to eliminate absolutely the resistance offered 
by the drainage coil to the charging current to ground, but the 
residual 50 or 100 volts, of course, is immaterial. The one pre- 
caution to observe with this kind of protection is to make sure 
that there is no condition in which the power line disturbance 
can produce so large a charging current to the telephone wires 
through the drainage coils as to burn them out. 

Where the exposure of a telephone line to a high-tension line 
is a good many miles, it is good practise to have a number of 
these drainage coils, so if anything happens to one, others will 
remain, and protection at any one point does not depend on a coil 
a hundred miles away. 

So much for the first type of disturbance of the telephone line, 
and drainage coils, properly installed, are pretty nearly sufficient 
for protection. 

The second type of disturbance is the danger to operators. 
The 1 to 1 transformer is certainly a very great protection, but 
remember this—they are generally tested at not over 25,000 
volts, which is hardly sufficient, on a 100,000-volt system, to give 
absolute protection. It is desirable to have spark gaps and fuses 
as well. 

The insulating transformer very materially cuts down the trans- 
mission of speech. It is not possible to speak as clearly through 
the insulating transformer as if the transformer were not there. 

Ernest V. Pannell: In view of the very valuable data given 
in this report, it is scarcely fair to criticise its lack of completeness, 
but I think it would have been more interesting if it had been 
possible for the report to show how the design of the line is in- 
fluenced by the conducting material used. In going through 
this list of transmission lines, it is notable that 40 per cent of 
them are using aluminum conductors to a greater or less extent. 
In addition we see a metal in use which I believe is copper-clad 
steel, and also steel-core copper and steel-core aluminum. Now 
if we had a thorough and exhaustive report, comparing these 
various materials side by side, with their advantages and dis- 
advantages, and the various experiences in operating them, it 
would, I am sure, fill a very wide gap in our practical knowledge 
of transmission line design at the present day. 

With particular reference to long spans, of course this is 
the incentive which has brought most of these high-tenacity 
materials into use, and in this connection it has frequently been 
said that aluminum is good for spans which do not exceed six 
or seven hundred feet. In view of the remarks of the Pacific 
Gas and Electric Company in this report, however, and of other 
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companies operating with aluminum on their long spans, this 
seems no longer to hold good; and with the greater tenacity ob- 
tained in the present-day product, it would seem that aluminum 
is perfectly satisfactory on all spans which can be run with copper. 
An additional piece of information comes to my mind, and that’ 
is a transmission line recently erected in Norway, where they 
are putting on spans up to 2300 ft. in length, which are being 
made with cables of a light aluminum alloy having a tenacity 
of 36,000 lb. per sq. in. 

Where a line has been designed for aluminum conductors as 
an alternative to copper, it does not seem to me that the correct 
principle is always followed. Almost invariably the aluminum 
conductors are chosen equivalent to the conductivity of the 
copper only. Necessarily, the aluminum will have a greater 
sag, and higher and more costly towers will be required. If, as 
an alternative, cables of larger area of cross-section were used, 
the tension on the lines could be increased, the sag decreased, 
and the towers, although they would have to be stiffer, need not 
be as high, and I believe the line would be more reliable through- 
out and at least as cheap. ; 

If there is any information forthcoming on this matter of 
compound steel-copper and steel-aluminum conductors, it would 
be interesting to know just how the stresses are distributed in 
them. I take it, that where a steel-core is employed, instead 
of aluminum or copper, the lay of the steel is longer than that 
of the outer metal, so that it takes the major part of the pull. 

The sample which Mr. Fisken showed to us was very interest- 
ing, and it appeared as if the trouble was due to abrasion rather 
than corrosion. I do not know whether anyone will bear me 
out in that. I will ask Mr. Fisken, in view of the fact that I 
believe he has some aluminum wire on his system, whether 
the aluminum conductors have shown similar trouble, or how 
they are behaving. It is a notable fact that under many at- 
mospheric conditions which cause copper to deteriorate, alum- 
inum has been found to operate satisfactorily. 

Percy H. Thomas: What do you mean by a tenacity of 
36,000 Ib. per sq. in.? Is that the ultimate strength of the 


elastic limit? 
Ernest V. Pannell: That is the ultimate strength per sq. 


inch. 

John B. Fisken: We took down about 50 miles of aluminum 
wire that had been in operation for about five years and nothing 
of this kind was found; whether it will be in the same condition 
after ten years, or not, I cannot tell. 

Percy H. Thomas: Possibly some of you gentleman do not 
happen to have noticed that we have at least two or three long 
transmission lines which are using a special cable with a steel 
center, and a number of aluminum strands wound around it, 
the steel being very high strength steel, and the aluminum giving 
conductivity and giving large diameter to: keep down corona. 
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I wonder if there is anyone present who can give us any further 
information about that steel-aluminum cable. 

E. E. F. Creighton: I wish to say a few words about the 
vacuum lightning arrester which has been under development 
for a number of years, to have no misunderstanding of the limi- 
tations of its use. Mr. Emerson P. Peck has taken the initiative 
in applying this arrester to the protection of telephone wires 
situated on 11,000-, 22,000- and 110,000-volt lines of the Georgia 
Railway and Power Company. The lightning arrester was de- 
veloped specifically for signal circuits of steam railways and it 
was intended in these circuits to make the arrester so that it 
would never short-circuit. A short-circuited arrester on a signal 
circuit means a false signal of safety, and therefore is very dan- 
gerous. This arrester was developed with that idea in mind, 
to avoid the danger of short-circuiting. Asa result, the arrester 
will stand momentarily 1000 amperes of direct current at 600 
volts, while a circuit breaker opens, without having its electrodes 
welded together—in fact, it will do this a number of times. 
Opening up an arrester after tests of that kind we found the elec- 
trode very much shrunken in size, but in no case was the electrode 
melted in such a way as to come in contact with the outer copper 
tube. I am not bringing this matter up at this time to describe 
the arrester, but to describe the limitation, and therefore I shall 
pass immediately to the point in mind. 

While the arrester was developed to withstand heavy current 
for a brief time, it was not given sufficient cooling area to dis- 
charge a small current for a long time. It frequently happens 
that an accidental arcing ground occurring on a system lasts for 
a considerable length of time before it is removed. If this 
arrester is so placed that discharges pass through it during this 
period it is liable to be overheated and damaged. Mr. Peck 
has apparently found no trouble from this source, and it is prob- 
ably due to the fact that continuous discharges do not take place 
for a long time through the arrester in the position in which it 
was used. An arrester having plenty of cooling surface can be 
made for this particular service and a few of them have been 
put out. I think the important point is that with the arrange- 
ment that Mr, Peck has used* it seems unnecessary to take the 
precaution of using a larger lightning arrester and a more ex- 
pensive one in order to keep it cool. 

In the matter of the damage done to the wire which Mr. Fisken 
showed, we have had in certain types of apparatus which we have 
built in the laboratory something quite similar that makes us 
think it is the same thing. Anelectrostatic relay in which an 
insulator was used to furnish the electrostatic pull produced just 
such corona, which formed nitrous oxide, and with the natural 
moisture in the air, formed nitric acid. This corona discharge, 
which was a little heavier than the blue discharge which gives 
ozone, was confined in a glass box. The nitrous oxide continued 


*Pages 1042-1046, this volume. 
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to increase in density, and as a result every one of the metal 
parts inside, except the aluminum, was very badly corroded. 
It would seem that this is the same thing that Mr. Fisken 
found, in that the wire is eaten out directly above the insulator 
where it lay on top of the porcelain, in the location where the 
corona would be the strongest. Taking into account the 
high altitude and the fact that the insulators were made many 
years ago, it would lead one to believe that the static charging 
current in that insulator might be sufficient to get the corona 
above the value which causes ozone, into that region of discharge 
where nitrous oxide is formed. One can easily determine visually 
the intensity of corona discharge which forms nitrous oxide. It 
is marked by the appearance of definite little threads or bright 
streamers in the otherwise uniform blue brush discharge. 

Percy H. Thomas: What Professor Creighton says certainly 
sounds very reasonable, and I want to ask Mr. Fisken if any 
of the insulators in this neighborhood are on wooden pins. 

John B. Fisken: All iron pins. 

Percy H. Thomas: Have you examined the tops of any of 
the pins—do they show any sign of deterioration? 

John B. Fisken: No. 

Percy H. Thomas: I should say the iron would be attacked 
by nitrous oxide if it existed. 

John B. Fisken: We have taken off a number of pins and 
never noticed anything of that kind. 

Percy H. Thomas: Are they set in cement? 

John B. Fisken: No, in lead. 

Percy H. Thomas: The digestion of tops of wooden pins 
suggests this same sort of action. 

F. W. Peek, Jr.: The explanation of the brush discharge as 
the cause of the deterioration of the line conductor, which Mr. 
Fisken has shown, is undoubtedly the correct one. This occurs 
at or near the insulator. Where the wire is tied to the insulator 
there is the metal conductor, a thin film of air, a thickness of 
porcelain, and the pin. There is thus a condenser with the line 
conductor as one plate, air and porcelain in series as the di- 
electric, and the metal pin as the other plate. The voltage 
across this condenser is equal to line voltage divided by V3, 
The same dielectric flux passes through the porcelain to the air. 
The permittivity of air is 1 and of porcelain is 5. The porcelain 
“ conducts” the dielectric flux five times as well as air. The 
voltage gradient in the the air film is thus five times what it 
is in certain parts of the porcelain. This air film breaks down 
asa brush. Air consists of a mechanical mixture of oxygen and 
nitrogen. The oxygen is O2(O=O) and is inactive. iaeone 
brush it splits up as O. Recombination takes place as O, and 


O 
O3 ( ozone So) Both O and O; are chemically active and 


oxidize the conductors. At high gradients on the air, nitrogen 
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also combines with the oxygen and in the presence of moisture 
forms nitric acid. This also attacks the conductor. Each 
insulator is a small ozone and nitric acid generator. It can 
be prevented by a properly placed corona shield. 

Aluminum is affected to a much less extent by the above 
cause. Either aluminum or copper may, however, deteriorate 
very rapidly due to desulphurizing, and other mining processes. 

Percy H. Thomas: I want to call attention to the fact that 
it is not excessive line potential, primarily, that breaks down the 
small air gap between the insulator and the conductor, it is the 
fall of potential across the air gap itself. With a small enough 
air gap, a low potential will produce this breakdown. Mr. Peek 
has spoken of a similar action in the windings at the end of 
the coils of the armature of a 200- or 300-volt generator, where a 
concentration of potential may under some circumstances be 
sufficient to produce this acetic or nitric acid formation, and de- 
teriorate the insulation. The same thing occurs in rubber- 
covered underground cables where there is a great concentration 
of potential, and when the ends of the rubber covering are 
exposed to the air there is oftentimes a hardening or deterioration 
of the rubber due to oxidation from the formation of ozone. 
Those of you who use suspension insulators may feel secure in 
this matter with the idea that the insulators are connected to 
the conductor by a metal clamp, and no difference of potential 
can occur to form nitric acid on the conductor in the clamp. 

R. Fleming: Regarding the action of nitric acid under at- 
mospheric conditions, I do not remember having seen it proved 
very conclusively just what action takes place. It seems to me 
we have here an opportunity to get at least tentative proof as 
to what action takes place. Itissurely chemical. On examining 
the sample of wire you will find there is plenty of deposit which 
would enable a chemist to analyze and determine its chemical 
nature. It is probably sulphate, it may be nitrate, or it may 
be carbonate of copper. The electric discharge alone would 
probably not disintegrate wire in the manner here shown. 

H. H. Norton: I would suggest that a number of samples 
be collected and submitted for analysis to some chemist capable 
of performing such an analysis. It would require considerable 
work to doit. I ask Mr. Fisken if there are any smelters in the 
vicinity. Smelter fumes are likely to produce sulphates. 

M. von Recklinghausen: I have examined this piece of wire, 
and to me as a chemist it looks strange that it is attacked deeply on 
two points. These are probably the points where the tie wire 
has touched this wire. There may be two explanations here— 
one is mechanical, but I do not think that is: likely. The other 
may be electrolysis. The tie wire is not of the same metal, 
although both are supposed to be pure copper. Both are not 
pure copper. They are different in composition, and it is pos- 
sible that there is some electrolytic action going on between 
the two and the humidity from the atmosphere. I offer that 
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merely as a possible explanation. I cannot say, offhand, that 
that is the cause, but it looks to me very muchas if such electro- 
lytic action between the tie wire and the conductor itself could 
take place due to the humidity as an electrolyte. 

F. W. Peek, Jr.: I want to answer the question which has 
been raised, and state that such an analysis has been made, 
though not on Mr. Fisken’s cable. We have made analyses on 
other samples, and found a combination of nitrogen and copper. 

D. D. Ewing: In looking over the samples of wire brought 
by Mr. Fisken, I noticed that the deposit of salt was heavier on 
the pole insulator wire than on the two arm insulator wires. 
It seems to me that this indicates that the corrosion is worse on 
the pole wire than on the arm wires. If such is the case, it does 
pes to me reasonable that it is a nitrogen proposition alto- 
gether. 

I believe Mr. Fisken made the statement that for two months 
in the year there was no rainfall in the district traversed by this 
line. He did not say anything about the soil and dust condi- 
tions, but I would judge, if there is no rain for two months in 
the year, that it gets pretty dusty. If the soil contains either 
soluble organic acids, or inorganic salts, dust in combination 
with water might produce the corrosion. The salt looked to 
me like carbonate or sulphate, or possibly nitrate, although it 
is impossible to determine its exact nature by inspection. 

R. E. Argersinger: I want to call attention to the report of 
the Pennsylvania Water and Power Company engineers on the 
operation of their system, particularly as regards the use of 
reverse power relays at the substation end of the line and inverse 
time limit relays at the generating station, and also to point 
out that they are doing automatic switching on the low-tension 
side of the transformers at both ends of the line. This matter 
is referred to on pages 1026 and 1027 of the report. This sys- 
tem includes a 70,000-volt line, about 40 miles long, two circuits 
in parallel on the same tower line, with neutral grounded through 
resistance. As the report points out, it is difficult to get a clear 
idea of the relay action, since the operation is complicated by 
the use of arc extinguishers and also field-destroying devices. 
The relays are set with a time limit so that the arc extinguisher 
will operate first in case of flash-over to ground, and if that 
fails to relieve the trouble the relays operate the switches only 
on the line affected, and the point is that they actually cut out 
the circuit in trouble without disturbing the parallel circuit and 
without interruption of service. It is interesting to note that 
a few other companies are introducing this system of operation. 
Mr. Lindsay says his company is going into it, but that they 
have not had much experience yet. In my opinion, this is one 
of the most important features to be considered in the layout of 
a high-tension transmission system. 

In an article I wrote, published in the G. E. Review for June, 
1913, this system of connections was described, In an elemen- 
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tary way such a system might be represented by the diagram in 
Fig. 1, herewith, which represents a generating station connected 
to a substation by two transmission lines. 

The normal condition of operation would be to have all of 
the generators in parallel on the bus A and all of the feeders in 
parallel on the bus D. The high-tension buses B and C would 
normally be opened by S and T. Switches E and G would be 
equipped with inverse time limit relays. Switches K PPAR 
and M would be non-automatic, and switches Fand L would be 
equipped with reverse power relays. In case of trouble, then, 
on one line, say at X, the switch F would be opened by the re- 
verse power relay. Switch E would be opened by the overload 
relay. The load would be auto- 
matically thrown over to the other 
line without interruption of service. 
This means that for a short time 
the second line and its transformers 
would possibly be overloaded, but 
in the worst case such an overload 
would not exceed 100 per cent and 
the apparatus should be capable of 
carrying such an overload for a i 
period of time sufficient. to open 

t 


si 
Zs 


switches K and Mand close switches 
S and T, after which transformer 
banks H and J can again be put 
into service in parallel with V and 
W on the second line. 

The scheme of operation would 
be exactly the same if each of 
the four transformer banks shown 
were replaced by two or more 
banks, so long as they were 
paralleled on one  high-tension Fic. 1 
line, under which conditions, in 
order to clear the line, it would be necessary to cut off all of 
the low-tension transformer switches involved. Usually it is 
not practicable to carry much over 20,000 kw. on a single 
transmission line, and a single bank of transformers can readily 
be used with a line of such capacity, that is, each single-phase 
transformer would be rated at say 6666 kw. Such a size 
would be economical for high-voltage design and the entire 
layout would be cheaper, as regards both transformers and 
Switching equipment, than if a greater number of transformer 
banks were used. 

This system permits, under ordinary conditions, all of the 
automatic switching to be done on the low-tension side, which 
in itself isan advantage. Some tests were made about two years 
ago on a large 44,000-volt system by putting spark gaps across in- 
dividual coils of the high-potential winding of a transformer 


ee 
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and setting up disturbances on the high-tension line. The volt- 
ages across the coils, indicated by the spark gaps, varied from 
something like three to four times normal in case of an arcing 
ground to about twenty times normal for operation of a high- 
tension switch. Such results merit careful consideration. Fur- 
ther, with the transformers grouped with relation to each line, 
instead of being paralleled on the high-tension bus, the effective 
reactance in circuit when a short circuit occurs in the high-tension 
line is so much higher that the rush of current is materially les- 
sened, thus decreasing the danger of damage to line insulators 
by high-power arcs and of burning off line conductors. T believe 
that entirely aside from any question of the danger of high-ten- 
sion switching, the advantages of such a system of connections 
merit itg use simply from the standpoint of decreased first 
cost of transformers and switching equipment, and the reduction 
in destructive effects of line disturbances, due to the increased 
effective reactance. 

In the past, some objection has been made to reverse energy 
relays, as it was claimed that under the potential drop due to 
short circuit they would fail to operate properly. This difficulty 
has been practically done away with in most of the reverse 
energy relays now on the market, and further, under the con- 
ditions which usually obtain, they will not operate on overloads. 
Only recently, in putting into service a 120,000-volt system, 
about 150 miles long, where the principles indicated above were 
carried out strictly, a short circuit was made on the high-tension 
side of one of the substation transformers. The reverse energy 
relay acted promptly, notwithstanding the drop produced by 
the short circuit. Several other occurrences took place causing 
line disturbances, such as a lightning stroke on the line close to 
the generating station, a short cireuit produced by wire falling 
across transmission line, etc., but in each case the relays operated 
properly so as to cut out only the line in trouble, without inter- 
rupting service. The diagram, Fig. 1, shows only two simple 
stations. ‘The same principles, however, can be applied to any 
number of stations and substations tied together in a system, 
provided there are two transmission circuits. 

E. A. Lof: There is one point of particular interest in this 
report, and this is the section on pages 1029 and 1030 dealing 
with the operation of a system with one of the phase wires 
grounded. It is notable here that for systems of very high volt- 
age the effect of such an operation has been rather severe. One 
company, for example, states that it has had numerous punctures 
of insulators and breakdowns of bushings, while another com- 
pany states that the effects have been too severe to operate 
its system with one wire grounded. 

This brings out an important point. For a Y-connected sys- 
tem with the neutral grounded, the grounding of one phase 
wire will short-circuit this particular phase and the circuit 
breakers will trip, thus entirely cutting out the line. For a non- 
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grounded, delta-connected system, however, the grounding of 
one phase will have the effect of increasing the capacity of the 
line. Under normal operation this capacity is in proportion of 
the voltage to the neutral, but when one line becomes grounded 
this voltage is increased to the full line potential, and the charg- 
ing eurrent will be proportionately increased. This in turn 
raises the voltage at no-load, which will be about 70 per cent 
higher than it would be when under normal operation. Actual 
experience has proved that this is the case’and it probably will 
be one of the most important factors which will decide against 
delta connection for systems of very high voltage. 

Selby Haar (by letter): The report which is now laid before 
the Institute is a thorough piece of work, and one which fully 
entitles the committee to the special thanks of the’ members. 
It is regrettable, however, that approximately complete replies 
were obtained from less than one-fourth of the companies ad- 
dressed. 

The writer, having recently made a somewhat similar investi- 
gation (covering transmission systems all over the world, how- 
ever), would like to call attention to certain practises brought 
out in the report by citing other solutions of the same problems. 
(The numbering of the following items refers to the list of ques- 
tions given in the Appendix to the committee report). 

A-2. The tower is seldom used abroad, metal poles being se- 

lected for high voltages, and wood or concrete for lower 
voltages. 

B-1 to 15. The following data apply to a 70,000 -volt Swiss line 

recently built. 

1, 19-strand cables 0.394 in. diameter, breaking strength 
57,000 Ib. per sq. in., E = 17,700,000 lb. per sq. in. 
(working stress 8500 lb. per Sq. in.). 

3. 7-strand cables 0.315 in. diameter, breaking strength 
113,000 Ib. per sq. in., E = 31,500,000 lb. per sq. in. 

6. Wind pressure only, for ordinary poles. ; 
7. 14.3 lb. per sq. ft. 
8. —25 deg. cent. 

9. + 40 deg. cent.; — 25 deg. cent. 

10. Snow (not ice) 0.394 in, thick, weighing 10 lb. per cu. ft. 

11. — 25 deg. cent. 

12, 14.3 lb. per sq. ft. 

13. Yes. 

14. Every 2 tol mi. 

15, All wires on one side broken, and wind pressure of 20.4 
lb. per sq. ft. adding directly to conductor pull. 

B-23. This is not infrequently claimed. 

C-24. In Europe, the high-tension neutral is usually not 
grounded, but the generator neutral is. 

C-38. The transmission line of the Moutiers-Lyons direct- 
current system in France, the operating voltage of which 
has reached about 80,000 volts, includes about 2.5 miles 
of cable (out of 112). 


. 
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D-1. Foreign operating companies use the same types of 
lightning arresters for all high tensions, namely, horn 
gaps with series resistance, reactance coils, and liquid 
static dischargers. Condensers are being tried in several 
places. There is also to be noted an attempt to proportion 
the whole transmission and switching system to minimize 
as far as possible the generation of excess voltages. 

E-1. The opinion of several experienced American engineers 
is that an effective arc suppressor and a plain horn gap, 
set rather high, give protection which is “ hard to beat.” 

For the benefit of members who have to examine certain 

features of transmission plants in great detail, a list of references, 
mostly to periodical literature, collected by the writer in his in- 
vestigation (Electrical World, April 25, 1914, p. 925) is appended. 
In this list are descriptions, etc., of over fifty plants designed for 
70,000 volts or above. 


HiGH-VOLTAGE POWER TRANSMISSION SYSTEMS 

Pacific Light and Power Co., 150,000 volts. 

Elec. Jl. 1913, p. 768. 

Elec. Rev. & West. Elecn. 3-1913, p. 583. 

Elec. Wld., 6-1912, p. 1200, 1342; 11-1913, p. 1108; 1-1914, p. 337, 385. 
Elek. Zeit., 10-1913, p. 1242. 

Eng. News, 11-1913, p. 848. 

Glas. An., 6, 7, 8-19138, p. 224, 5, 24, 51. 

Au Sable Electric Co., 140,000 volts. 

Elec. Wld., 4-1912, p. 795, 848; 6-1912, p. 1195. 
Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Lundquist, ‘‘ Transmission Line Construction,” p. 46. 

Southern Sierras Power Co., 140,000 volts. 

El. Rey. & West. Elecn., 10-1912, p. 814. 
Elec. Wld., 8-1912, p. 298; 8-1913, p. 234. 
Elek. Zeit., 10-1913, p. 1242. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 
Ji. Elec., Pr., Gas 7-1913, p. 1, 33. 

Utah Power & Light Co., 130,000 volts. 
Elec. Wld., 7-1913, p. 106. 

Gy TB, IRew, IIE, jo Sie): 

Pacific Gas & Electric Co., 125,000 volts. 

Elec. Wld., 11-1913, p. 1055. 
Eng. Rec., 11-1913, p. 573. 

West Penn. Traction & Water Power Co., 125,000 volts. 
Elec. Rev., & West. Elecn. 11-1912, p. 990; 4-1913, p. W203 
Elec. Wld., 6-1912, p. 1280. 

Iron Age, 11-1912, p. 1296. 
Tennessee Power Co., 120,000 volts. 
Elec. Rev. & West. Elecn., 2-1913, p. 267. 
Elec. Wld., 4-1912, p. 820; 3-1913, p. 644,696; 5-1913, p. 1111; 10-1913, 
p- 868. 
Power, 3-1914, p. 360. 
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Connecticut River Transmission Co., 120,000 volts. 
Elec. Wld., 10-1913, p. 685; 3-1914, p. 565. 

Inawashiro Hydroelectric Power Co., 115,000 volts. 
Elec. Wld., 83-1912, p. 524; 5-1913, p. 1058. 
Engg. London, 10-1913, p. 35. 

Z. V. d. I., 4-1912, p. 569. 

Au Sable Electric Co., 110,000 volts. 

Elec. Wld., 11-1906, p. 841; 11-1907, p. 850; 2-1909, p. 354; 9-1909, p. 
664; 6-1912, p. 1195. 

Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

Eng. Rec., 10-1907, p. 418, 462. 

G. E. Rev., 1909, p. 86. 

Hydroelectric Power Commission of Ontario, 110,000 volts. 
Elec. Wld., 1-1912, p. 33, 96, 137; 6-1912, p. 1195. 
Elecn., London, 3-1912, p. 912. 

Elek. Kr. & B., 1909, p. 387; 1910, p. 526, 727.” 
Elek. Zeit., 10-1913, p. 1242. 

Eng. Mag., 4-1913, p. 53. 

G. E. Rev., 1912, p. 336; 1913, p. 352. 

Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 

Trans., A. I. E. E., 24-1905, p. 807. 

Lundquist, ‘‘ Transmission Line Construction,” p. 45. 

Lauchhammer, A. G., 110,000 volts. 

Elec. Wld., 10-1911, p. 1057; 6-1912, p. 1195. 
Elek. Zeit., 1911, several places; 10-1913, p. 1242. 
Lundquist, ‘‘ Transmission Line Construction,” p. 96, 97. 
Georgia Railway & Power Co., 110,000 volts. 
Elec. Rev. & West. Elecn., 2-1913, p. 267. 
Elec. Wld., 5-1911, p. 1127; 6-1912, p. 1195; 12-1913, p. 1257, 1309. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 4-1913, p. 53. 
Eng. News, 1-1914, p. 240. 
G. E. Rev., 1912, p. 836; 1913, p. 352; 1914, p. 608. 
Alabama Power Co., 110,000 volts. 
Elec. W1d., 83-1912, p. 610; 1-1913, p. 68; 6-1913, p. 1278; 9-1913,p.527 
G. E. Rev., 1913, p. 386. 
Mississippi River Power Co., 110,000 volts. 
Elec. Wld., 4-1913, p. 715; 5-1913, p. 1157. 
Elek. Zeit., 10-1913, p. 1231, 1242. 
Eng. Mag., 4-19138, p. 53. 
G. E. Rev., 1912, p. 336; 1913, p. 352; 1914, Pp. 85, 375. 
Glas. An., 6, 7, 8-1918, p. 224, 5, 24, 51. 
Lehigh Navigation Electric Co., 110,000 volts. 
Elec. W1d., 4-1913, p. 902; 5-1914, p. 1035, 1093. 

Cedar Rapids Manufacturing & Power Co., 110,000 volts. 
Elec. Wld., 4-1913, p. 902; 7-1913, p. 105; 8 -1913. p. 319. 
Eng. Rec., 10-1913, p. 461. 

G. E. Rev., 1913, p. 336. 

Mexican Northern Power Co., 110,000 volts. 

Elec. Wld., 5-1913, p. 1190; 7-1913, Deelooe 
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G. E. Rev., 1912, p. 336. 
Ebro Irrigation & Power Co., Ltd., 110,000 volts. 
Elec. Wld., 1-1918, p. 212. 
Chile Exploration Co., 110,000 volts. 
Elec. Wld., 5-1913, p. 1191. 
Eng. & Min. Jl., 1-1914, p. 63. — 
Sierra & San Francisco Power Co., 104,000 volts. 
Elec. Wld., 6-1912, p. 1193; 9-1908, p. 667; 10-1908, p. 946. 
Elek, Kr. & B., 1910, p. 160. 
Eng. Mag., 4-1913, p. 53. 
Eng. News, 5-1909, p. 516. 
G. E. Rev., 1912, p. 386; 1913, p. 352. 
GlaseAns, 6, 775-1913) p. 224, 6, 24, 51. 
Lundquist, ‘ Transmission Line Construction,” p. 45. 
Great Falls Power Co., 102,000 volts. 
Bull, A. I. M. E., 8-1913, p. 1907. 
Elec. Wld., 6-1912, p. 1195. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 4-1913, p. 53. 
G. E. Rev., 1911, p. 149, 207; 1912, p. 336; 1913, p. 352. 
Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 
TRANS. A. I. E. E., 1911, p. 2002. 
Yadkin River Power Co., 100,000 volts. 
Elec. Wld., 3-1911, p. 748; 4-1911, p. 799; 5-1911, p. 1128; 8-1911, p. 261, 
4-1912, p. 774. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 4-1913, p. 53. 
G. E. Rev., 1912, p. 336. 
Colorado Power Co., 100,000 volts. 
Elec. Wld., 1-1910, p. 217, 6-1910, p. 1649; 6-1912, p. 1195, 1205. 
Elek. Zeit., 10-1913, p. 1242. 
Glas. An., 6, 7, 8-1918, p. 224, 5, 24, 51. 
Lundquist, ‘‘ Transmission Line Construction,” p. 47. 
Taylor, ‘‘ Transformer Practise,” p. 270. 
Great Western Power Co., 100,000 volts. 
Elec. Rev. & West. Elecn, 2-1913, p. 267. 
Elec. Wid., 8-1909, p. 471; 9-1909, p. 657, 712; 6-1912, p. 1193, 1195; 
6-1913, p. 1277. 
Elek. Kr. & B., 1910, p. 160. 
Elek. Zeit., 10-1913, p. 1242. 
Eng. Mag., 3-1910, p. 851, (vol. 38). 
Eng. News, 5-1909, p. 516. 
G. E. Rev., 1911, p. 6, 1912, p. 336; 1913, p. 352. 
Glas. An., 6, 7, 8-1913, p. 224, 5, 24, 51. 
TRANS. A. I. EB. Be, 1911, p. 1994. 
Taylor, ‘‘ Transformer Practise,” p. 270. 
Southern Power Co., 100,000 volts. 
Elec. Jl., 1911, p. 329. 
Elec. Wld., 12-1907, p. 1241; 3-1910, p. 741; 7-1911, p. 17; 6-1912, p. 
1195. 
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Elek. Kr. & B., 1911, p. 175. 

Elek. Zeit., 10-1913, p. 1242. 

G. E. Rev., 1909, p. 551; 1910, p. 24; 1912; p. 336; 1913, p. 352. 
Eng. Mag. 4-1913, p. 53. 

Trans. A. I. E. E., 1908, p. 819; 1911, p. 1998. 

Lundquist, ‘‘ Transmission Line Construction,” p. 48. 

Shawinigan Water & Power Co., 100,000 volts. 

Elec. Wld., 5-1912, p. 953, 1015; 6-1912, p. 1195. 
Elek. Zeit., 10-1913, p. 1242. 
G. E. Rev., 1913, p. 352. 

Los Angeles Aqueduct, 100,000 volts. 

Elec. Wld., 1-1912, p. 30; 5-1913, p. 955. 
Eng. Rec., 8-1913, p. 476. 

Tata Hydroelectric Co., 100,000 volts. 

Elec. Wl1d., 6-1913, p. 1332; 11-1913, p. 950. 
Engr., London, 4-1911, p. 402. 

Engg., London, 10-1913, p. 547, 578. 

Eng. Rec., 11-1913, p. 

Societa Italiana di Elettrochimica, 88,000 volts. 
D’Elettricita, 12-1913, p. 72. 

Elec. Rev., Lond., 11-1910, p. 832; 12-1910, Dewees 
Elec. Wld., 9-1910, p. 741. 
Elecn., Lond., 4-1910, De Oe 
La Rev. Elec., 8-1910, p. 119. 
Appalachian Power Co., 88,000 volts. 
Elec. Wld., 11-1912, p. 1141. 
Eng. Mag., 4-1913, p. 53. 
G. E. Rev., 1912, p. 336; 1913, p. 352. 
Taylor, ‘‘ Transformer Practise,” p. 270. 

Rio Janeiro Tramway Light & Power Co., Ltd., 88,000 volts. 
Elec. Wld., 5-1909, p. 1153; 8-1909, p. 367; 4-1913, p. 897. 
Elecn., Lond., 8-1911, p. 694. 

Elek. Kr. & B., 1910, p. 584; 1911, Ped: 

Tasmania Hydroelectric & Metal Co., 88,000 volts. 

Australian Mining Standard, 3-1911, p. 296. 

Elec. Wld., 4-1912, p. 820. 

Engg., Lond., 11-1910, p. 709. 

Garcke, ‘‘ Manual of Electrical Undertakings,’”’ vol. 17, p. 1437. 

Mexican Light & Power Co., 85,000 volts. 

G. BE. Rev., 1912, p. 336. 
Trans. A. §. C..E.; vol. 58, 1907, p. 37. 
Taylor, ‘‘ Transformer Practise,”’ p. 270. 
Toronto Power Co., 85,000 volts. 
Elec. Rev. & West. Elecn., 7-1906, p. 138. 
Eng. Mag., 3-1910, Duooo. 
Trans, A. $5 Ca E.yivole 65, 1909, p. 181. 
Lundquist ‘‘ Transmission Line Construction,” p. 43. 
Taylor, ‘‘ Transformer Practise,’”’ p. 270. 

Victoria Falls & Transvaal Power Co., 84,000 volts. 

Jl. (British) I. E. E., 6-1913, p. 2. 
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Trans. So. Afr. I. E. E., 1913, p. 170. 
Klingenberg, ‘‘ Baugrosser Elektrizitaetswerke,”’ p. 177. 
Energia Electrica de Cataluna, 80,000 volts. 
Engr., Lond., 10-1912, p. 384. 
Z. V. d. I., 11-1912, p. 1791. 
Swedish State Railways, 80,000 volts single-phase. 
Elek. Kr. & B., 11-1913, p. 658; 3-1914, p. 161. 
Katsuragawa Denryoku Kabushiki Kaisha, 77,000 volts. 
G. E. Rev., 1912, p. 336. 
Southern California Edison Co., 75,000 volts. 
Elec. Wld., 8-1907, p. 277, 317, 359, 401; 10-1909, p. 1039; 6-1912, 
p. 1190, 1195. 
Au Sable Electric Co., 72,000 volts. 
Elec. Wld., 11-1906, p. 841, 9-1907, p. 528. 
Elek. Zeit., 1909, p. 478. 
Societa Generale Elettrica dell’Adamello, 72,000 volts. 
. Elecn., Lond., 7-1912, p. 608, 649. 
Engr., Lond., 9-1912, p. 298, 319, 349, 3738, 401. 
Eng. News., 12-1911, p. 764. 
Montana Company, 70,000 volts. 
Bull. A. I. M. E., 8-1918, p. 1907. 
Elec. Wld., 7-1901, p. 53; 5-1908, p. 1088; 8-1910, p. 432. 
Elek, Kr. & B., 1911, p. 175. 
Eng. News, 10-1910, p. 430. 
ihrancsenw Oo. ©. E vol. 500; 1903, py 212. 
Taylor, ‘‘ Transformer Practise,’’ p. 270. 
Hidroelectrica Espanola Molinar, 70,000 volts.’ 
Elek. Zeit., 1911, p. 535, 561, 586, 766. 
Pennsylvania Water & Power Co., 70,000 volts 
Elec. Wld., 10-1910, p. 929; 5-1911, p. 1125; 8-1912, p. 395; 11-1913, 
p. 924; 2-1914, p. 314. 
Eng. Mag., 3-1910, p. 855; 4-1913, p. 53. 
G. E. Rev., 1912, p. 36, 336, 658; 1913, p. 352, 389, 390. 
Swedish State Railways, 70,000 volts. 
Die Turbine, 3-1911, p. 202. 
Elek. Kr. & B., 1912, p. 126, 763. 
Engr., Lond., 5-1912, p. 587. 
Ming. & Eng. Wld., 5-1912, p. 1085. 
City of Winnipeg, 66,000 to 72,000 volts. 
Elec. Rev. & West. Elecn., 12-1911, p. 1119. 
Elecn., Lond., 3-1912, p. 831, 870. 
Engg., Lond., 7-1912, p. 107, 143. 
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Presented at the 31st Annual Convention of the 
American Institute of Electrical Engineers, 
Detroit, Mich., June 25, 1914, under the aus- 
pices of the Engineering Data Committee. 


Copyright 1914. By A.I. E.E. 


PROVISIONAL SPECIFICATION FOR INSULATOR 
TESTING* 


COVERING INSPECTION AND TESTS OF HIGH-TENSION LINE 


INSULATORS OF PORCELAIN, FOR OVER 25,000 VOLTS 


The present provisional specification was approved and 
recommended by the Power Transmission Committee of the 
American Institute of Electrical Engineers, February, 1915. 


SPECIFICATION 
Introductory: 
This specification covers certain methods of test and in- 


spection which have been found well suited for testing high- 
tension line insulators for use under the ordinary conditions of 
power transmission work. It is expected to serve as a skeleton 
or model specification and may be supplemented by such ad- 
ditional provisions as may be appropriate for any particular case. 

Certain portiong of the specification are added as a guide where 
designs are to be offered by several bidders for competitive tests. 
In such a case bidders will understand from the specification all 
the requirements they must ultimately mect if their bids be ac- 


cepted. 


GENERAL SPECIFICATION COVERING ALL PY PEON OE: 
INSULATORS 


1. a. This specification is intended to cover the checking of the 
design and the testing and the inspection of the factory out- 


[OREN (Clit a Be porcelain insulators, cat. No....-.-.-..--- 
(Ni. 2 ee OU aden ote Company; to be manufactured for the 
ie pea 28S. Aa Company. 


*This specification was revised in February 1915 and is printed here 
in its amended form. 
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b. The operating VOIARC. 18. 1... csaeteenttn baat and the frequency 


c. Definitions: By “insulator”? is meant the complete in- 
sulator or group of insulating members including all the parts 
necessary to support the conductor from the crossarm or 
on the pin as the case may be. 

By “unit” or “unit insulator’ is meant a suspension in- 
sulator element complete, having a metal cap and pin. 

By “shell” is meant a single porcelain piece without cement 
or cap or pin. 

2. Drawings: 

A dimensioned drawing shall be furnished showing the com- 
plete insulator and metal parts, or, if the insulators are built 
up or composed of a string of units, showing the details of a unit 
and all the clearances between units and metal parts. 

3. Inspection: 

The maker will give to the purchaser or his representative 
such access to his works at all times during working hours as is 
reasonable and necessary to determine the suitability of material 
to be supplied, and shall furnish all necessary apparatus, labor, 
and other facilities for making the tests herein called for without 
cost to the purchaser. All good insulator units destroyed in the 
tests here called for are to be paid for by the purchaser at the con- 
tract price. 

All insulators are subject to final inspection, test and accept- 
ance at maker’s factory. 

Neither the inspection nor waiving of inspection nor the pur- 
chaser’s acceptance will relieve the maker from obligation to 
furnish material in accordance with this specification. 


4. Design: 

All insulators shall be designed as far as may be practicable 
to fail by flash-over and not by puncture under excess voltage 
tests, especially under impact tests. 

Insulators shall be of robust construction and design so as 
not to be easily injured in handling. 

Explanatory Note: 

The ultimate criterion of the merit of an insulator is its per- 
formance in service and the best available measure thereof is its 
behavior under definite tests. However, as no practicable 
tests actually reproduce service conditions, for example in the 
matter of high-frequency voltage or deposits of dust, criticism 
on theoretical grounds is valuable, and, other things being equal, 
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preference should be given to the insulators most closely con- 
forming to theoretically best designs. 

Altitude: 

Careful attention in specifying flash-over voltages should 
be given to the fact that for varying altitudes the break- 
down strength of air varies approximately though not exactly 
as the barometric pressure. 


METAL Parts 
5. Corrosion: ; 
All metal parts shall be of non-corrodible material or shall be 
galvanized or sherardized in accordance with the specifications 
for galvanizing prescribed by the joint committee of the National 
Electric Light Association in its Specification for Overhead 
Crossings of Power Lines Above Telephone and Other Low- 
Voltage Lines. Surfaces shall be free from roughness or pro- 
jecting points; bearing surfaces shall be smooth enough not to 
injure cables. 
6. Factor‘of Safety: 

Metal parts shall have a factor of safety of at least three over 
the maximum stress that they receive in service, except that 
with pins for pin type insulators the factor may be re- 
duced to two where a higher factor is impracticable. The 
maximum service strain is here agreed upon as— == hay. 


PORCELAIN 

7. Quality: 
_ All porcelain shall be dense and homogeneous as is best adapted 

to high-tension insulator requirements, free from injurious 
cracks, blisters and flaws or other defects that would render it 
unfit for use in insulators. The burning of all porcelain sections 
shall be done so as to insure even vitrification but shall 
not render the porcelain unduly brittle. The surface shall 
be smooth and uniform and the body of the porcelain shall be 


moisture-proof. 
8. Glazing: 

Mnemelazing shalls bevolzeen sue = color and of a reasonably 
uniform shade, smooth, hard and continuous over all surfaces 
except those to be in contact witht the cement. It shall be un- 
affected by weather, ozone, nitric acid, nitric oxides, alkali dust, 
or sudden changes in temperature over the atmosphere range. 


9, Absorption: Explanatory note. 
While imperviousness of the porcelain to moisture is of 
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supreme importance, no satisfactory test of this quality is known. 


CEMENT 
10. Assembling: 


All cemented joints between insulator parts shall be carefully 
made, using for this purpose the best grade of neat Portland 
cement, thoroughly mixed, and plentifully supplied with moist- 
ure during setting. The assembly shall be so done that no 
hollows or voids will be left between the cemented surfaces. 
All superfluous cement must be cleaned off of the insulator before 
crating. 

ELECTRICAL TESTING 


Note. Sections 11 to 15 inclusive are particularly applicable 
to competitive tests and to tests the results of which are to be 
compared to similar tests made with other testing apparatus. 
In cases where merely a comparative study of different designs of 
the same make is to be made, all tests being carried out on the 
same testing apparatus, it is usually satisfactory to use the 
standard test apparatus of a first-class maker. 

It should be definitely stated in the contract whether sections 
11-15, inclusive, are to be adhered to or not. 

11. Wave Form: 

The wave form of the generator shall be a true sine curve within 
the limits specified for generators by the Standardization Rules 
of the American Institute of Electrical Engineers and may be 
checked by the methods therein prescribed.’ 

12. Control of Voltage: 

The voltage shall be controlled in such a way as not to distort 
the wave form. 

One satisfactory method of control is the use of a regu- 
lator consisting of a shunt resistance connected directly across 
the low-voltage side of the transformer, and a series resis- 
tance in the supply. The shunt resistance must always by- 
pass at least five (5) times the exciting current of the trans- 
former. The principal control is effected by the series resistance. 
This method is often spoken of as the potentiometer method. 
13. Measurement of Voltage: 

The method of measuring the voltage on the test circuit shall 
be that method recommended by the American Institute of 
Electrical Engineers, covering such cases. 


14. Kulovolt-Ampere Capacity of Testing Apparatus: 
The kilovolt-ampere capacity of the testing apparatus, in- 
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cluding any series resistance used, is important, for the leading 
current taken by the insulators tends to alter the voltage of 
the test apparatus. The maximum current taken from the 
test apparatus shall not be so great as to distort the voltage 
wave more than permitted for generator electromotive force 
waves by the ‘A.I.E.E. Standardization Rules. 


15. Surrounding Conditions During Tests: 

In design checking tests of insulators having an operating voltage 
not exceeding 75,000 volts, no object other than leads and 
supports should approach nearer than 6 ft. (1.8 m.) to the in- 
sulator. For insulators having a higher operating voltage, the 
conditions for the “‘ design test’ of complete insulators should 
be made as nearly as practicable the same as the conditions 
of actual service as regards the grounding of one side of the 
insulator and the arrangement and distance of grounded objects 
in the neighborhood. A conductor of 6 ft. (1.8 m.) or more in 
length, extending equally on both sides of the clamp, should 
be used to represent the transmission wire. 

Note—In these tests the walls of the room will ordinarily in- 
troduce a very serious departure from the conditions of outdoor 
service. Open-air tests where feasible are preferable from this 
point of view. 

Routine tests, not being on complete insulators or insulator 
strings, do not require these precautions. 


16. Frequency: 

Tests should be made at the frequency at which the insulator 
is to be used. Where special agreement is made tests may be 
made at 60 cycles on insulators intended for use on higher and 
lower frequencies. No error of a serious magnitude will be ex- 
pected within the range of 25 to 1838 cycles. 


17. What Constitutes a Breakdown or a Flash-over: 

An insulator is said to “fail” or ‘‘ break down” under a 
voltage test whenever a puncture occurs in any part of the in- 
sulator. Itis said to flash over when a discharge of any sort passes 
all the way from one terminal to the other, since such a 
discharge would be followed by an arc on a power line. 

Local breakdown, either corona or local sparks, while an im- 
portant symptom, indicating severe local stress, does not consti- 
tute a flash-over. The weight to be given to such local break- 
down, however, is a matter of judgment. 
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18. Rain Tests: 

Water should be sprayed on the insulator at a uniform rate 
averaging 1 in. (2.5 cm.) depth in 5 minutes, and should be 
reasonably uniformly distributed over the whole insulator. The 
rate of precipitation shall be measured by collection of water in 
a panat the location of the insulator, the insulator being removed. 
A fairly satisfactory spray in the form of a fine mist can be ob- 
tained by some forms of spray nozzles where pressure is avail- 
able. 

The spray shall strike the insulator at an angle of approxi- 
mately 45 deg. with the vertical. 

The water used shall have a high specific resistance, not 
less than 5000 ohm-inches (12,700 ohm-centimeters). Pure 
water may often be obtained from condensed steam or 
melted ice, preferably artificial ice, or rain. Municipal water 
supplies are often so impure as to seriously impair the per- 
formance of the insulator on the wet flash-over. 

When insulators are to be used in localities subjected to salt 
spray or alkali or acid mists, or to conditions producing dew 
deposits, special tests may be agreed upon. 


19. Puncture Under Oil: 

Tests on a certain percentage of insulator units, ordinarily not 
exceeding } of one per cent, should be made to determine the 
ability of the insulator to resist puncture and to measure the 
uniformity of the product. This test is best made by submerging 
the insulator in oil. 

For this test each suspension insulator unit should be com- 
pletely assembled with its standard metal parts. 

With pin type insulators there should be attached to the head 
of the insulator wires representing the tie and line wires, and a 
metal pin should be placed in proper manner in the pin hole. 

The test voltage should then be applied to the metal parts in 
each case. The puncture value obtained under these conditions 
should not be less than 150 per cent of the dry flash-over voltage 
and should,where possible, be much higher. In the case of suspen- 
sion units a factor approaching 200 per cent has sometimes 
been obtained. 

The puncture voltage that must be met in the actual tests 
($25) should be here specified for each contract, viz., ....volts. 

In making the test, apply to the insulator a voltage 30 to 40 
per cent below the dry flash-over value and then raise the 
voltage gradually or by steps, until puncture occurs, at a rate of 
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about 10,000 volts per second. The puncture value of porcelain 
is very sensitive to the length of time voltage near the maxi- 
mum is applied; the puncture voltage may be lowered as much 
as 20 per cent by long-continued application of the test voltage. 


20. Series Spark Gap: 

In routine testing, it is well to have a short air gap between 
each insulator under test and the testing line, that the character 
oe the charging current may be judged by the appearance of 
the arc. 


21. Inspection: 
All parts shall be inspected before assembling. 


22. Routine Tests. Electrical Tests Before Assembling: 

All insulator shells, before being assembled, shall. be tested 
for three minutes at the voltages given in the following table. 
Should any shell be punctured in the. last minute of test, the 
test will then be continued, after the removal of the punctured 
piece, until no puncture occurs in one full minute of test. These 
tests are to be conducted by inverting the parts in pans of 
water and placing water inside the several pieces, the poten- 
tial then being applied to the two bodies of water. 

Note. The water both inside and outside shall be filled to 
within one quarter of an inch of the highest point to which 
the later applied conducting parts, including cement, will extend. 

The individual tests in the various shells shall be as follows: 

Head.. Pens See volts 
Second Shell. PATS, pe ee ee } % 


MRTG OLE 4 2) Sw sae eee ere 
IPVoxvietaay Wheeled ear a de Since bo be 3 


PIN TYPE INSULATORS 


“ 
“ 


“ 


23. Routine Tests—Final Electrical Test: 

All completed insulators shall be tested according to one or 
the other of the four following tests. One of these tests 
should be definitely specified for each lot of insulators tested 
under these specifications. 

a. Theinsulatorsin groups shall be subjected to a voltage stead- 
ily applied just below the flash-over voltage for a period of three 
minutes. The voltage shall be held at such a point that a flash 
shall occur over some insulator of the set occasionally, but not 
more often than once in three seconds. This test involves a 
steady voltage stress and gives an opportunity for the heating 
up tothe puncture point of any spots in the porcelain which may 
be sufficiently defective. For this test it is therefore objection- 
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able that there should be frequent flashing over, as each flash- 
over presumably removes the potential from all insulators for 
one alternation. 

If an insulator of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The insulators in groups shall be subjected to a voltage in 
excess of the flash-over voltage so that a continuous succession of 
flash-overs exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and 
consequently continual flash-over is necessary. 

c. The insulators in groups shall be given test (a) above, fol- 
lowed by test (b). The first test may be changed into the second 
by merely raising the potential without removing the voltage. 
In this case the time of the second part of the test should be 
reduced to one minute. 

d. This test is the same as test (b) above, except that instead 
of applying this testing to insulators in groups, the insulators 
shall be tested singly and the voltage continued for a period of 
20 seconds. 

Nore. Inall the tests (a), (b), (c) and (d), above, it is important 
that the current be so limited in volume that no power arc shall 
follow a flash-over, as otherwise the voltage will be substantially 
removed from the insulators during the continuance of the power 
arc. 


24. Design Test—Mechanica': 

The following design test shall be made on enough complete 
insulators, usually not exceeding } of one per cent, to determine 
the behavior of the design and the uniformity of the product. 

The insulators shall be capable of withstanding for 15 seconds 
without signs of distress a pull of... lb Gh eee kg.) 
applied at the tie-wire groove in a direction at 90 deg. with 
the axis of the insulator and pin. For the purpose of making 
this test, the insulator shall be mounted on the pin to be used 
in service. In case of failure the question as to whether the 
insulator or the pin is at fault shall be determined by testing 
again with a solid steel pin turned from a piece of round steel of 
such dimensions that this piece of steel acting as a pin for the 
insulator will not bend under the above-mentioned load. 

It is desirable that a number of insulators be tested to 


destruction to show approximately the margin in mechanical 
strength. 


—_-- 
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25. Design Tests—Electrical: 

The following design tests shall be made on enough complete 
insulators to determine the performance of the type. The in- 
sulator shall stand without failure: 

a. A test for flash-over, dry, of three times the potential be- 
tween line wires, applied for one minute. 

b. A test for flash-over, wet, of not less than two times the po- 
tential between line wires, applied for one minute. 

c. Puncture test under oil shall be made as specified under 


$19 above. 
SUSPENSION TYPE INSULATORS 


26. Routine Tests—Electrical Test Before Assembling: 

All insulator shells shall be tested according to one or the 
other of the three following tests. One of these tests should 
be definitely specified, for each lot of shells tested under this 
specification. 

a. The shells in groups shall be subjected to a voltage 
steadily applied just below the flash-over test for a period of 
three minutes. The voltage shall be held at such a point that a 
flash shall occur over some shell of the set occasionally but not 
more often than once in three seconds. This test involves a 
steady voltage stress and gives an opportunity for the heating up 
to the puncture point of any spots in the porcelain which may be 
sufficiently defective. For this test it is therefore objectionable 
that there should be frequent flashing over, as each flash-over 
presumably removes the potential from all insulators for one 
alternation. 

If a shell of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 

b. The shells in groups shall be subjected to a voltage in 
excess of the flash-over voltage so that a continuous succession of 
flashes exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and conse- 
quently continual flash-over is necessary. 

c. The shells in groups shall be given test (a) above, followed 
by test (b). The first test may be changed into the second by 
merely raising the potential at the end of the first test. In this 
case the time of the second part of the test should be reduced 
to one minute. 

Norte 1. Inall the tests (a), (b) and (c), above, it is important 
that the current be so limited in volume that no power arc 
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shall follow a flash-over, as otherwise the voltage will be sub- 


stantially removed from the shells during the continuance of 
the power arc. 

Note 2. In making these tests the insulator shells are to be 
inverted in a pan of water and water placedin the inside. The 
water both inside and outside shall be filled to within one quarter 
of an inch of the highest point to which the later-applied 
conducting parts, including cement, will extend. 

27. Routine Test—Mechanical Test: 

After at least ten days setting of the cement, all units shall 
withstand for 3 seconds without signs of distress a mechanical 
Pull Often ae ea kg.), in line with the axis of the 
insulator. Insulators may be given this test after a shorter 
period of setting, at the risk of the maker. 

28. Routine Test—Final Electrical Test: 

All completed insulator units shall be tested according to one 
or the other of the four following tests. One of these tests 
should be definitely specified for each lot of insulators tested 
under this specification. 


a. The insulator units in groups shall be subjected to a voltage 
steadily applied just below the flash-over test for a period of three 
minutes. The voltage shall be held at such a point that a flash 
shall occur over some unit of the set occasionally but not more 
often than once in three seconds. This test involves a steady volt- 
age stress and gives an opportunity for the heating up to the 
puncture point of any spots in the porcelain which may be 
sufficiently defective. For this test it is therefore objection- 
able that there should be frequent flashing over, as each flash-over 
presumably removes the potential from all units for one alter- 
nation. 

If a unit of the group punctures during the last minute 
of the test, the test shall be continued until one full minute 
elapses without a puncture. 


b. The insulator units in groups shall be subjected to a voltage 
in excess of the flash-over voltage so that a continuous succession 
of flashes exists, this being continued for a period of two minutes. 
This test is intended to introduce the effect of impact and 
consequently continual flash-over is necessary. 


c. The insulators in groups shall be given test (a) above, 
followed by test (b). The first test may be changed into the 
second by merely raising the potential at the end of the first 
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test. In this case the time of the second part of the test should 
be decreased to one m‘nute. ; 

d. This test is the same as test (b) above, except that instead 
of applying this testing to units in groups, the units shall be 
tested singly and the voltage discharges continued for a period 
of 20 seconds. 

Note. Inall the tests (a), (b),(c) and (d) above, it is important 
that the current be so limited in volume that no power arc shall 
follow a flash-over, as otherwise the voltage will be substantially 
removed from the insulators during the continuance of the power 
arc. 

This test shall be made after the mechanical test above pre- 
scribed, §27. 

29. Design Tests—Electrical: 

The following design tests shall be made on enough complete 
assembled insulators, not exceeding + of one per cent, to deter- 
mine the performance of the type. 

a. A test for flash-over, dry, of one insulator unit having 
its normal position in the string and of a complete insulator 
Semin oy CONSISTING Ol. tush PUT Seni leg ac boc Bh OS, aiads cs. 
volts respectively, applied for one minute. 

b. A test for flash-over, wet, of a single insulator and of the 
Sri, Oley ue. VOLES ANd 7 cy. volts respectively, applied for one 
minute. 

c. The puncture test under oil shall be made as specified 
under §19 above. 

It is preferable that the arc-over of the complete insulator 
when the test voltage is sufficiently raised shall be over the insu- 
lator as a whole and shall not be over the individual elements. 
30. Design Tests—Mechamical: 

The following design test shall be made on enough complete 
insulators, usually not exceeding 3 of one per cent, to determine 
the behavior of the design and the uniformity of the product. 

After at least two weeks setting of the cement, the insulators 
tobe tested shall withstand for 15 seconds without signs of distress 
2) (SIs Lar (eee ee 8 kg.) in line with the axis of 
the insulator. 

It is desirable that a number of these insulators be pulled to 
destruction to show approximately the margin in mechanical 


strength. 
APPENDIX 


The following tests are recommended as desirable where appro- 
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priate. They are not incorporated in the above specifications 
as experience with them is not yet sufficiently broad. 


31. Uniformity Puncture Test: 

Twenty-two single insulators, chosen at random from stock, 
which have passed all routine tests, shall each in turn be punc- 
tured under oil as provided for oil tests in §19 above. Any twenty 
of these values of puncture voltage shall then be selected by 
the maker. The difference between the maximum and minimum 
of these twenty puncture voltages must not be more than 20 
per cent of the average voltage. This test should be repeated 
with one or more additional groups of 22 disks, not exceeding in 
the aggregate 1 of one per cent of the total, enough to determine 
the uniformity of the product. In case of failure of the lot to 
pass this test, the other insulators from the same burnings shall 
be tested as specified under §28, but for a period 5 times that 
there specified. 


32. Design Test—Impulse Test:* 

Some form of impact or high-frequency test is of the greatest 
importance in testing high-voltage insulators, at least for the de- 
sign tests. Two or three forms of such tests have been proposed, 
and it is expected that a supplement to this specification will 
be issued when these tests have been sufficiently standardized. 


33. Design Test—Combined Mechanical and Electrical Test: 


The following design test should be made upon enough in- 
sulators to determine the performance of the design and the uni- 
formity of the product. 

An insulator placed in an insulated testing machine and im- 
pressed with a voltage just under or just over the flash-over 
voltage (as may be agreed upon), shall be subjected to a grad- 
ually increasing mechanical pull until puncture occurs. 

The insulator should not puncture at less than twice, or, pre- 
ferably, three times the maximum pull to which the insulator 
is to be subjected in service, as fixed in §6 above. 


34. Uniformity—Britileness Test, Applicable Especially to 
Suspension Insulators: . 

The following uniformity test should be made upon enough 
insulator units to determine the performance of the design and 
the uniformity of the product. 

A completed insulator unit which has passed all routine tests 


*For an example of the application of such a test see paper by Imlay 
and Thomas, Trans. A. I. E. E. Vol. XX XI, 1912, p. 2121. 
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shall be placed in ice wate: and the temperature of the water 
raised to boiling. The heating should not begin until after the 
insulator has been in ice water 60 minutes to permit all parts 
to come to the same temperature. The water should then be 
heated at a uniform rate of about one degree cent. per minute. 
After remaining at boiling temperature for 30 minutes the 
unit may be removed and should afterward be tested either 
by the measurement of its insulation resistance, using one or two 
thousand volts for the measurements, or by the standard routine 
electrical test ($28), or both. 


35. Percentage of Failure in Routine Tests. The percentage of 
punctures in the electrical tests is a rough measure of the burning 
of the porcelain and the care in manufacture. A relatively 
large percentage of failures, perhaps over 5 per cent, sug- 
gests under-firing. It is recommended that the following mod- 
ification be applied to routine tests §23 and §28: 

‘“When the percentage of punctures in any group of insulator 
units or shells under test simultaneously, exceeds 5 per cent, 
the length of the time of application of the test voltage shall be 
doubled for that group’’. 
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Discussion ON ‘‘ SPECIFICATION FOR INSULATOR ‘TESTING— 
COVERING INSPECTION AND ‘TeEsts oF HiGH-TENSION 
LINE INSULATORS OF PORCELAIN, FOR OVER 25,000 Votts ”’ 
(ENGINEERING Data Sus-CommITTecE), Detroit, Micu., 
JuNE 25, 1914. 


Percy H. Thomas: Last year, the High-Tension Transmission 
Committee presented a ‘‘ sample” or ‘‘ model ” or “ skeleton ”’ 
specification, as it might be called, for the testing and inspection 
of high-tension porcelain insulators. This has been quite ex- 
tensively remodeled during the present year, without greatly 
changing the fundamental ideas of the specifications. Pre- 
sumably this discussion will be the last chance for any effective 
criticism. I wish to open the subject by giving a few words 
of explanation in answer to a number of the suggestions which 
have been made. 

I will call attention first to the fact that the high-tension 
insulator industry has developed under existing conditions, until 
at the present time it has reached large proportions. These 
insulators are all tested and used according to certain customary 
methods which are now well understood and generally accepted, 
It is not practicable for the Institute to step in and pass a resolu- 
tion saying that hereafter the industry shall change about and 
follow some specification which it would present, radically differ- 
ent from the former practise. If our specification is to be used 
at all, it must be close enough to present methods, so that it can 
be followed without upsetting the general practise of the indus- 
try. This is our first limitation. 

The second limitation is the fact that the manufacturers of 
insulators have their own electrical testing apparatus and 
mechanical testing apparatus, and it is only a very small per- 
centage of the insulators actually manufactured and used that 
are tested on any other apparatus. We now have in addition 
two or three laboratories, outside of the electrical manufacturing 
companies, where tests can be made, but they are not accessible 
to a very large number of the users of insulators, and our speci- 
fication must be so drawn that it will fit into the particular in- 
stallations of testing apparatus at the manufacturers’ plants. 

Another thing which limits the extent of change that may be 
embodied in the proposed specification is the fact that the tests 
which the purchaser usually makes on his insulators are an in- 
tegral part of the manufacturing process of the manufacturing 
companies. The manufacturing companies rely on this inspec- 
tion and test, to a large extent, to check up and eliminate and 
weed out the bad material from their product. We should draw 
oe specification in such a way that this will continue to be the 
ache 

I will repeat, what perhaps you have forgotten, that the back- 
bone of this specification was originally drawn by the engineers 
of one of the insulator companies. Mr. Peek also gave us a 
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model specification. Most of the meat of Mr. Peek’s specifi- 
cation was put over into the manufacturer’s specification. 

Perhaps the greatest value of this testing specification is the 
stating in definite form for the average engineer those particular 
facts, those broad methods, those general characteristics, which 
the most experienced engineers have found to be the most: help- 
ful in selecting and testing insulators. There is a good deal of 
educational matter in the specification that has been seriously 
objected to by a number of those who have favored us with criti- 
cisms, and I can understand their point of view—it goes against 
their sense of proper form for a specification on which materials 
are to be bought to include explanatory sentences and general 
statements, but, looking at the matter from a broad point of 
view and considering the practical results to be obtained, it 
seems to me these educational interpolations are a very important 
part of the whole. 

There is great objection on the part of some to the use of 
the words “design test’ to describe those tests which are 
made on a few insulators to determine the characteristics 
of the type, as distinguished from the routine tests made on every 
insulator. From a certain point of view the design should, as 
the critics claim, be determined before the test specification 1s 

‘adopted. However, the actual tests given in the specification 
as design tests should be made as called for in most cases, so 
that it reduces to a question of terms, and the term used is 
frequently used and I know of none better. 

One of the suggestions that, comes most frequently is that 
we specify the minimum size of transformer capacity that is 
safe for testing insulators. The necessity of using large-capacity 
transformers occurs only when comparative tests are to be made 
on different transformers or where for some other reason sine 
wave form is important. Ordinarily for routine tests it is desir- 
able to. limit the capacity of the testing transformer to prevent 
arcs on the insulators. The manufacturers of insulators have 
transformers of limited capacity installed, some of them of 
peculiar design from the point of view of power transformer 
design, and most of them use some means of limiting the capacity, 
either series resistance or series choke coils, or weakening the 
field of the generator. 

Some one asked for a specification as to the quality of oilin which 
to make the oil puncture test, but I hardly think that is necessary. 
There is no trouble to get the insulator to puncture under oil, 
rather than flash over, and I cannot imagine that the quality 
of the oil would make much difference in the puncture quality 
of the porcelain. 

I would call attention to the so-called combined electrical and 
mechanical test in the appendix. This test calls for the applica- 
tion of mechanical strain while the electrical potentialison, You 
will remermber last year at Cooperstown Mr. Nicholson gave 
us some data showing that certain insulators punctured with 
less than half their normal puncture value when mechanical strains 
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of less than half the ultimate strength were impressed upon them. 
The year past has shown an investigation of this matter and a 
very great improvement. The test is easily applied. One 
manufacturer has a wooden arm testing frame, and puts voltage 
on a single insulator, allowing it to flash over, or he applies 
the voltage just below the flash-over, as may be desired, and 
gradually brings up the mechanical pressure until the insulator 
punctures. 

E. E. F. Creighton: During the last three years we have 
given considerable attention to this matter of testing insulators, 
and I wish to take it up from a different point of view from that 
of the committee. I think the specifications are very desir- 
able in the form in which they are now presented—they are 
made, however, from the point of view of 
the man buying insulators, and I shall take 
the point of view of the man using insulators. 

Mr. Thomas has pointed out the difficulty 
that a user has in getting testing apparatus 
with which to test the insulators, the cost of 
it, and the details involved in carrying out 
the work. It was about one and one-half 
years ago, when a paper was presented on this 
subject in New York, that I had a very brief b 
opportunity to show the oscillation trans-  ¢ 2 conrrot car 
former as a method of testing insulators, but 
the method has not been followed up in the 
proceedings of the committee—perhaps they 
lack definite information on the subject. I 
wish to give some instances of the use of this 
method, and point out some of its advantages. 
We started out with a problem such as many 
have at the present time—namely, the fre- INaULATOR UNDER TEST 
quent loss of installed insulators. Forty of Fic. 1 
these insulators were removed from a line 
and taken to the laboratory, and there was applied to them a 
60-cycle test, and four insulators punctured under this test at 
the flash-over potential. The 36 insulators left were then 
tested out with a high-frequency transformer and all failed. 
The diagram, Fig. 1, shows the well-known connections of an 
oscillating transformer set. The first circuit, at 110 volts, say, 
is stepped up to any convenient voltage, which I shall designate 
as 13 kv., which charges a condenser. The condenser sparks 
through an adjustable gap and coreless transformer. The 
coreless transformer gives a high potential at a high oscillating 
frequency. The insulator to be tested is connected across the 
high-voltage side of this transformer. The potential applied 
to the insulator is gradually increased by starting with the con- 
trol gap very small and gradually screwing it open. By opening 
this gap carefully, any potential desired may be applied to the 
insulator at a frequency of several hundred thousand cycles 


110 VOLTS 
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per second, a convenient value being in the neighborhood of 
200,000 cycles. The natural make-up of these transformers will 
give from 100,000 to 300,000 cycles. There is little need at 
present to question the proper value of this frequency, whether 
100,000 or 200,000 cycles is to be used, because there has been 
such a tremendous step in going from 60 cycles to 200,000 cycles 
that an increase to 300,000 cycles is comparatively negligible 
in its effects. The higher the frequency the more the corona 
' sparks follow the surface of the porcelain. 

With apparatus of this kind we have made a great many 
tests in the porcelain factory itself, also the tests of insulators 
taken from lines and of insulators fresh from the manufacturers. 
In the early work it was feared that the test was too severe, 
and it was, since we did not take precautions at that time to 
bring up the voltage gradually by opening the control gap. 
It soon became evident that the voltage must be held under 
control and the adjustable control gap was therefore made an 
intrinsic part of the apparatus. An illustration of the value of 
the method is given by a series of tests which were applied to 
wet process porcelain bushings. Lots of one hundred bushings, 
as they came from the kilns, were tested on 60 cycles, bringing 
the potential up until it sparked over, then holding the potential 
a little below that value for one minute, and out of the one hun- 
dred there would be, as there always are, a few defective ones. 
They were then tested out on the high-frequency circuit. Going 
through different types of insulators, and insulators from differ- 
ent firings, there was a percentage of from zero to 17 per cent 
additional loss. 

Another group of insulators was then taken, one hundred in 
a group, and tested on the high-frequency circuit first, and the 
defective insulators were removed as fast as they showed up. 
The insulators that were left after this high-frequency test were 
passed through a 60-cycle test; and although many hundreds 
of insulators were treated in that way, there was never a single 
case where an insulator which passed the high-frequency test 
was in any way damaged on the 60-cycle test. That, 1m itself, 
is proof sufficient that the high-frequency test is better than the 
60-cycle test. 

The next question arises—is it a fair test? At the present 
moment I am not going to discuss that, but simply say that the 
test can be made as reasonable or as severe as desired by the 
simple adjustment of the control gap. By opening the control 
gap to its widest value, super-spark potential may, of course, 
be thrown on the insulator and damage may result. For ex- 
ample, if the sparking potential of the insulator.is 80,000 volts, 
it is easy enough to arrange the gap so as to throw on the insulator 
at the first instant a voltage of 175,000 volts. That value of 
voltage exists on the insulator during only the brief time neces- 
sary for the arc to creep around the surface from cap to pin. 
Such a severe test is not to be recommended as a standard test, 
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Testing just at and below the spark potential is both desirable 
and fair to porcelain of good design and material. This seems 
sufficient comment on the severity of test. 

Every line at the present time has insulators on it that are 
old—perhaps only a dozen years old, but that is very old in the 
art of making insulators. At that time insulators were made 
very much like dinner plates, and very little attention was 
paid to the subsequent testing. I find that old insulators taken 
from a number of different systems are very liable to be in a 
condition that is sometimes designated as porous, due to under- 
firing. These insulators are necessarily weak electrically. The 
problem, then, of the operating engineers is not only how to 
buy good new insulators, but what to do with the old ones. It 
is usually impracticable to take down from the pole line all of 
the insulators and stand the loss which comes from mechanical 
accidents in handling and shipment to a laboratory to have 
tests made. Therefore, it is necessary for the engineers of a 
transmission company to be able to make tests, and not only 
make them themselves, but if desirable to make them on the 
insulators in place on the line. The oscillator form of testing, 
then, gives the possibility of having universally available a light, 
cheap and effective means of testing insulators, either new from 
the factory, or old, in service. 

The question of kilowatt capacity for testing has been brought 
up by Mr. Thomas. In the oscillator sets the kilowatt capacity 
of the 60-cycle transformers is extremely small—1, 2 or 3 kilo- 
watts—even a potential transformer has been used, although 
it cannot be used continuously, due to the overload. A very 
small kilowatt capacity in the 60-cycle circuit will sound un- 
reasonable to those who contend that it is absolutely necessary 
to have a large generator and a large transformer in order to 
get reasonable results in testing, but that is not true in this case, 
for the actual power of this outfit, even with a small trans- 
former, is considerably greater than any of the 60-cycle testing 
outfits that are in common use at the present time, without ex- 
ception. The difference comes in this, that the energy is taken 
by the condenser at comparatively low power during a quarter- 
cycle of the generator wave. Although this period of time is 
of the order of 0.01 second, it is an extremely long time as com- 
pared to the time of discharge of the condenser. When the po- 
tential has risen to the maximum point of the 60-cycle wave, it 
breaks over the control gap. The full charge of the condenser 
will be given out at a rate which will depend upon the capacitance 
and the inductance of the oscillating circuit. As a matter of 
fact, the condenser is capable of giving out several thousand 
kilovolt-amperes for an instant, so there is no question 
about a sufficient kilowatt capacity. 

In conclusion I wish to say one word in regard to one of the 
suggestions presented in the specifications, about uniformit y— 
the valuable recommendation is that if a certain percentage of 
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the insulators fail the entire lot should be rejected. This ruling 
can be more efficiently applied if the insulators can be divided 
into lots corresponding to definite zones in a kiln and to definite 
firings. 

Percy H. Thomas: How do you determine the voltage and 
the frequency on the high side of the oscillation transformer? 

E. E. F. Creighton: The frequency is measured either directly 
by cymometer or calculated, and the calculations agree so ac- 
curately with the measurements that the easiest method is by 
calculation. The cymometer is an instrument as easy to handle 
as a wattmeter. Once the method of use is learned it is easy to 
handle. In the matter of potential there is some question; 
there is no way today of accurately measuring high-frequency 
potential. The potential as given by the proposed standard 
’ sphere gap is assumed to be correct. The limitation designated 
by Mr. Peek is to make the length of gap not greater than three 
times the radius. That is the only basis we have for the direct 
measurement of high-frequency voltage. Practically it is simply 
a matter of what equivalent gap will spoil an insulator. The 
spark potentials at arc-over voltage for 60 cycles and 200,000 
cycles agree closely, in general. 

Percy H. Thomas: There is no question that this method 
Professor Creighton has been telling us about, and which he 
fully described and demonstrated at the December, 1912, meeting 
in New York, is a powerful instrument of research, but I doubt if 
he would consider that it is quite definitely enough established 
to embody in the specification. 

E. E. F. Creighton: This is as definite a test as some which 
have been put in the specification. I refer to the impulse test. 
The impulse test has been made a part of the appendix, and this 
test which I have shown is far better understood and can be 
made less dangerous than the impulse test. 

Percy H. Thomas: That leads to a point I want to bring 
out, as to the relative characteristics of the test Professor Creigh- 
ton has described and the impact test called for in the specifica- 
tion. The difference is this—the impact test of the specification 
is a shock test, a feeble shock, applied to the insulator, almost 
exactly paralleling the condition of service brought about by 
lightning and switching. It shows, if properly carried out, no 
element of heating. This test referred to by Professor Creighton, 
is, if I am not mistaken, entirely dominated by the heating effect 
produced by the high-frequency current; what I mean to say 1s 
this—when we have a high potential impressed on any insulator, 
the material of the porcelain is subject to an extreme pressure. 
Every time that test is reversed, a new element of heat is added. 
With the 300,000 cycles, you have 300 times the amount of heat 
generated, due to the expansion of material, that you do in the 
single shock. The net result is not only the heating of the in- 
sulator, but the heating of the air in the particular place where 
the interruption of potential is greatest. I do not think you 
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realize how quickly the dielectric strength of porcelain goes 
‘down as the temperature goes up. I cannot give definite 
figures. Two or three times the boiling point of water is enough 
to make a great difference in the insulation resistance of porce- 
lain. It is the extent and degree of the heating of the dielectric 
material at that high frequency which is, it seems to me, the thing 
we must know more about before we can use this test. In 
actual service we do not get that condition—we get two or three 
impacts, but never sustained high frequency. It is putting a 
great premium on efficiency in a thing which, while it may be 
indirectly related to the serviceability of the insulator, is not 
necessarily related to it. 

E. E. F. Creighton: I feel that this criticism is unjust, be- 
cause it cannot be shown where the heating comes in. We 


can take an insulator of this kind and place it under the oscilla-- 


tion test for a whole minute, and all the time the spark discharges 
are streaming over the porcelain surface. It looks hot while 
the sparks are playing, but no appreciable rise in temperature 
is noticed after such a test by placing the hand on the surface. 
There is no doubt that a continuous strain applied at one point 
will heat the insulator. If one of these insulators is subjected 
to the continued voltage of an Alexanderson generator it is pos- 
sible to make it red hot, but the application of the oscillator is 
different. There is a relatively long interval of rest between suc- 
cessive applications of high-frequency trains. The high poten- 
tial is applied for a very small fraction of the total time. Judging 
from the many hundreds of tests we have made, I feel that the 
heating of the insulator, except in air spots where it is weak and 
where it ought to be heated, is entirely a negligible quantity. 

Edward Bennett: I want to endorse most heartily what 
Mr. Creighton has said about the desirability of using impulse 
test circuits having such constants that fairly definite ideas can 
be formed of the rate at which the voltage across the insulator 
rises, and of the frequency of the applied stress across the insula- 
tor, provided the insulator under test does not flash over during 
the first half-cycle of the high-frequency oscillation. 

The objection to the type of impulse circuit shown in Fig. 1 
of the specification is that from the dimensions of such a circuit 
one can not determine very accurately the rate at which the 
potential rises across the insulator. This uncertainty arises from 
the fact that in the circuit shown in Fig. 1 in the specification,* 
even when used with fixed inductance, capacity and setting of 
the gap A, the rate at which the voltage rises across the insulator 
will depend upon the variable capacity of the different types of 
insulators under test. Suppose, however, that the type of cir- 
cuit which Mr. Creighton has suggested is slightly modified by 
connecting across the secondary of the oscillation transformer, 
and in parallel with the insulator under test, a condenser having 
a capacity five or six times that of the insulator, as shown in 
Fig. 2 herewith. From the setting of the gap and the dimensions 


*PLi. 4: . ; 5 F F ; 
This diagram is not included in the revised specification, 


“hal 
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of such a circuit, one may compute with a satisfactory degree 
of accuracy the manner in which the potential will rise across 
the insulator up to the instant at which breakdown or flash-over 
occurs. 

A slight modification of the simple series circuit of Fig. 1 
of the specification would eliminate the uncertainty due to the 
variable and unknown capacity of the different types of in- 
sulators under test, and would seem to render this circuit more 
satisfactory than the oscillation transformer connections advo- 
cated by Mr. Creighton. The modification of Fig. 1 of the 
specification is shown in Fig. 2. It consists in connecting the 
insulator under test in parallel with another plate condenser 
having a capacity about five times that of the insulator. The 
capacity of the 12 in. by 12 in. triple-petticoat insulators used on 
40-kv. lines is about 2 X 10-1! farad from line wire to pin, and 
the capacity of a 10-in. single-piece suspension unit is about 
3 X 10-" farad from metal to metal. That is, the combined 
capacity of the condenser B and the insulator ought to be about 
10- farad or approximately the same as the condenser C, 


Voltage- 


ec, Voltage across B and Insulator 
000 previous to Flash-over. 


Fic. 2 Fic. 3 


If the coil L and the leads consist of about 30 ft. (900 cm.) of 
heavy copper, the inductance of the oscillatory circuit may 
be estimated at 0.01 millihenry. Such a circuit up to the instant 
of failure of the insulator will have a frequency of oscillation of 
approximately 7,000,000 cycles per second and the relation 
between the condenser voltages and time up to the instant of 
insulator breakdown will be as illustrated in Fig. 3. It is to be 
noted that the insulator, if it does not flash over during the 
first half-cycle, will be subject to a unidirectional pulsating voltage 
and not to an alternating voltage. 

E. M. Hewlett: I would like to hear some discussion on the 
subject of the absorption test. Could not something in the 
nature of a year’s guarantee be required? I have found insula- 
tors to fail from imperfect vitrification, which had passed all 
the different kinds of tests. Some of them fail in the course of 
a year, or six months, even, showing they have not been thor- 
oughly vitrified, and still, to begin with, they will stand all the 
different tests. Until there is a test which will show definitely 
whether an insulator has been throughly vitrified, it would seem 
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as though the insulator should come under the same kind of 
guarantee as a piece of machinery, ag they are very often used 
in connection with the switching devices, to support busbars, 
etc., and should be considered as machines in that case. 

Farley Osgood: In our somewhat extended system of mul- 
tiple operation of transmission lines, fed by large-capacity gen- 
erating stations operating in parallel, we learned from our 
charted data on service interruptions that the chief initial cause 
was the insulator. All testing at normal pressure (13,000 volts) 
brought us no real knowledge of our difficulty, so testing appara- 
tus for more than three times normal voltage (40,000 volts) 
with 1000-kw. capacity was installed. Tests with this taught 
us no more than we could learn with line voltage testing, so we 
had made a testing outfit which, by means of a Tesla coil and 
condensers, gave us a frequency approximating 250,000 cycles. 

We brought in from our lines samples of all types of insulators 
in service, fifteen types in all, several of which were designed for 
operating at three times the voltage on which they were being 
used, and all but two types failed under our test, meaning that 
the insulator would puncture before it would arc over, and the 
two types which showed reasonable results were not the insula- 
tors designed for higher voltage than the service in which they 
were placed. 

Our high-voltage, large-capacity transformer would not de- 
velop this information, and only with the high-frequency testing 
outfit could we get the results which taught us that our insulators 
were wrong in design, in spite of the fact that they were the types 
specified by the manufacturers for the service, and met all the 
manufacturer’s test guarantees. 

The result of our work has been a new standard insulator for 
our 13,000-volt service which is about the same size as our orig- 
inal insulator but has thicker petticoats and which will spill 
over before it will puncture. 

An analysis of our difficulties showed that unquestionably 
our troubles were caused by the effect of switching, which takes 
place frequently in a large system with big stations in parallel, 
and which effects were from high frequencies, and therefore we 
feel that the high-frequency test is the most useful one of all. 
It is the test which tells the operating man what he wants to 
know, and should be made in addition to any other tests that a 
manufacturer thinks necessary to establish the mechanical 
perfection of his product, as the high-frequency test is really one 
on the design of the insulator, rather than its structure. 

We now give every insulator a high-frequency test before it 
is placed in service, and a recent test of 13,127 pin type insulators 
showed a failure of 1.75 per cent, and of 2260 disk type 3.94 per 
cent of failure. While at first this may seem high, it is not really 
so, as the actual value of the insulators destroyed is small, and 
well worth while for the insurance of continuity of service. 

The test is not expensive, is safe, and a crew of four men from 
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the line department, with one laboratory man to handle the test 
set and keep the records, can unpack, test, and repack 1200 
insulators in an eight-hour day. 
The high-frequency test, using the Tesla coils, we believe 
presents the following advantages: 
1. An even distribution of corona over the entire surface of 
the insulator, searching out imperfections. 
2. Failures under test are absolutely definite, being readily 
recognized by 
(a) cessation of corona, 
(b) abrupt change of tone of spark due to shortened path, 
(c) steady discharge through point of failure. 
3. The test does not require skilled labor, but can be con- 
ducted by anyone, after a little training, if his sight and hearing 
are normal. 
We believe we have at last an equipment which can be made 


_ portable for use in the field in testing individual insulators in 


service without removing them from the line, the transmission 
voltage, of course, being removed, and we advise operating 
engineers to learn of the benefits to the service to be derived 
from such testing, by themselves, in addition to any test, or any 
guarantee, of any manufacturer, no matter what the type or 
line voltage of the insulator. 

S.C. Lindsay: I want to take exception to what Mr. Thomas 
said about the impulse test being usually sufficient for insulators 
tested with high frequency. That test is not sufficient on delta- 
connected lines having no ground. Two disturbances occurred 
within the past year on the system with which I am connected, 
where arcing grounds lasted for two or three minutes, and 
several insulators were punctured each time. I should think 
it would be well to retain the high-frequency test so that insula- 
tors will meet these conditions. : 

Percy H. Thomas: They might get some sustained effect 
from the arcing ground—I do not know just how that would 
work out. 

John B. Fisken: It occurred to me that I might give some 
information bearing on the subject of the rain test. I had oc- 
casion once to demonstrate that there was no danger to a 
person holding the nozzle of a fire hose, the stream from which 
was striking a line operating at 60,000 volts. While I was 
demonstrating that, I went a little further and tried to break 
down some of the insulators by spraying the stream on them. 
I hit every part of the insulators I could reach with that stream, 
and there was not the slightest sign of any breakdown. That 
satisfied me that a rain test was entirely unnecessary. 

F. W. Peek, Jr.: Considerable has been said about “ high 
frequency ” testing and the effects of “high frequency eh 
insulators and insulation. Under this term are included without 
discrimination, continuous high frequency as from a generator, 
trains of oscillations from a Tesla coil, single impulses of exceed- 
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ingly steep wave front as from lightning, etc. The effects of 
these are entirely different. As the results of tests are all at- 
tributed to the same cause, ‘‘ high frequency,” there is naturally 
much confusion. 

As an illustration, take an ordinary single suspension insulator 
unit with an arc-over voltage of 90 kv. and a puncture voltage 
of 120 kv. (under oil) at 60 cycles. If a continuous high fre- 
quency at 10 kv. and 100,000 cycles is applied from an alternator, 
the insulator will soon become hot because of dielectric loss, 
and crack. The destruction of this insulator is due purely to 
heating. If trains of high-frequency oscillations at the rate of 
about 100 trains per second are applied, arcs will play over the 
surface of the insulator if the voltage is sufficiently high. To 
cause the unit just to arc over, a voltage somewhere between 
90 and 130 kv. (higher than 60-cycle arc-over) will be required. 
A sufficiently long application will cause the insulator to break 
down. An oscillatory voltage of say 200 kv. may be applied. 
The discharge over the surface will be heavier. Breakdown 
will occur in a very short time, due to over-voltage. This 
voltage is higher than the 60-cycle puncture voltage. Although 
this unit arcs over, it takes a finite but very small time for the 
air to break down and the arc to occur as each wave train starts. 
The time is too small for the porcelain to break down on one wave 
train. It is injured, however, and the effect is accumulative. 
A sufficient number of trains causes breakdown. If an impulse 
of very steep wave front, of say 500 kv., is applied, arc-over 
occurs along the surface. Perhaps ten such impulses may be 
applied without apparent damage. At the eleventh impulse 
breakdown occurs. Each impulse has caused damage during 
this very short time that it takes the arc to occur. A needle 
gap set at 150 kv. across the insulation to “limit ” the voltage 
will not prevent ultimate breakdown. The various and ap- 
parently inconsistent effects due to “ high frequency ” are thus 
not altogether mysterious. 

Such tests are extremely valuable as design tests, uniformity 
tests, etc., but great caution is necessary and a thorough under- 
standing of what sort of “ high frequency ” it is, when these 
tests are applied to insulators that are later to be used on lines, 
as the first lightning stroke may be in effect the ninth or even 
the eleventh impulse noted above. 

Many failures undoubtedly do occur, due to “high frequency,” 
but there is at present too much of a tendency to use this ex- 
planation when the real cause is quite simple, perhaps only a 
mechanical one. A great many insulator failures, perhaps most 
of them, are fundamentally caused by mechanical cracking 
gradually taking place, due to poor mechanical design, internal 
strains, etc., or absorbed moisture. N aturally, failure occurs on 
these weakened units during a voltage rise, as by lightning im- 
pulse. Of course there are also some failures due to the ac- 
cumulated effects of over-voltage impulses on good units. 
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I believe that most moderate-voltage lines, 20 to 60 kv., are 
under-insulated. These lines extend out into open country and 
are subjected to the same lightning voltages as the very high 
voltage lines. The insulators have the same factor of safety as 
the high-voltage lines, but in terms of operating voltage. This 
naturally is without meaning, as, assuming good insulators at 
the start, destruction is not caused by line voltage but by light- 
ning. I have illustrated this further with a definite example in 
a discussion at the Pittsfield meeting, May 29, 1914. 

Farley Osgood: We believe that an insulator should spill 
over before it punctures, giving the line the accompanying 
relief from the strains of switching changes which are constantly 
taking place; and an insulator of this type will act as an arrester 
on the line, as it were. The operating man wants his system 
to come back intact after severe strains, and much prefers the 
chance of a momentary interruption of service to the almost 
certain discomfort of the shake-up resulting from complete 
insulator failures. 

Therefore, in this belief we feel that the high-frequency test 
is the only one which will assure the operating man that the 
insulator will perform as desired in this relation of spill-over to 
puncture. 

We have proved that much can be learned from this test, that 
field work with such a testing outfit will anticipate many failures, 
and we have proved that it is cheap, and that it is safe. 

In spite of all the theories to the contrary, such as we have 
just heard, I feel that the operating man has at last come into 
his own, in the matter of finding out some things about his in- 
sulators for himself, and doing it right at home, and I hope that 
the practicability of the results of these simple and easily made 
tests will be appreciated. 

William B. Jackson: I want to ask a question relating to 
this matter, and that is, where the matter now stands, according 
to the researches and studies of the committee, in developing 
some suitable method of obtaining the capacity of the insulator, 
in the matter of mechanical shock, which has always seemed 
to be a rather important factor, although it has not been given 
very much consideration in tests. 

Another question, which I presume has been studied by the 
committee, is whether there is any way by which the atmos- 
pheric effects may be accelerated in the passage of time upon the 
insulators. Guaranteeing an insulator for a year would be 
very small satisfaction, since insulators will run perfectly for 
two, three or as much as five years, and then break down. 

Percy H. Thomas: The power of an insulator to hold a sus- 
tained load is now covered by a test in the specification, but 
I do not know any one who has proposed a test such as you 
indicate, and I do not know of any test that could be quantita- 
tively expressed, so that an insulator would pass at 105 per cent 
and would not at 95 per cent. I do not know of any way by 
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which we could approximate the effect of the weather. I 
wish we knew more of the effect of alkali dust, salt spray 
and condensation in connection with the rapid changes of tem- 
perature. These things are important, but we do not know the 
manner in which to produce such conditions beforehand, 

William B. Jackson: They would be fruitful fields of study. 
In the case of cement, for instance, we have an impact test;in the 
case of concrete and cement, we have an acceleration test which 
is very valuable in the case of a building under construction. 
It seems that a study of that particular phase of insulators may 
bring good results. 

Percy H. Thomas: The effect of electrical impact can be 
tested, but, mechanically, it is difficult to tell how the insulator 
will be affected. 
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PRESENT STATUS OF PRIME MOVERS 


BY GyslOrh. Roo. o. LLGOMt AND Wis. GORSUCH 


ABSTRACT OF PAPER 


The paper brings out in a concise form the present status 
of heat engines and hydraulic turbines in commercial use today 
for the conversion of the energy found in fuel and water into 
mechanical power for the production of electric energy. 

The various types are compared as to relative importance, 
capacity, efficiency, weight, cost and economy, which are illus- 
trated by curves plotted on kilowatt basis. 

(a) Reciprocating Steam Engine. 

(b) Steam Turbine 

(c) Gas Engine 

(d) Oil Engine 

(e) Hydraulic Turbine 

(f) Finance and Economics 

Curves are plotted showing the investment and fuel costs of the 
different heat engine units, on the basis of percentage of normal 
full load rating of machines. 


HE Committee on Prime Movers has selected the following 
subdivisions of its subject, in order to cover the most im- 
portant recent developments in the field of prime movers: 
1. Reciprocating steam engine 
Steam turbine 
Gas engine 
Oil engine ° 
Hydraulic turbine 
Finance and economics. 
In order to show the present status of the art in a graphic man- 
ner, practically all of the data obtained have been plotted in 
curves which appear in the appropriate place in the text. 


Soe wy 


RECIPROCATING ENGINE 


The reciprocating steam engine has, during the past five years, 
become practically obsolete for use in modern power stations. 
In the large new central station this engine is not even considered ; 
but in small isolated stations it is still used to a considerable 
extent, especially where heating service is also handled. In 
small sizes, the engine still has some advantage in economy 
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over the small turbine, but the margin is getting continually 
smaller; some of the latest geared units being almost on equal 
terms. The non-condensing and bleeder turbines have offered 
a satisfactory substitute for the engine on heating service: the 
continuance of the engine in use is therefore chiefly due to the 
apparent inability of purchasers for isolated plants to realize 
that economy of steam is only one of the items constituting cost 
of power. The superior reliability, low maintenance, sustained 
original economy, and low attendance cost of the turbine 
generally overbalance the rather doubtful advantage in original 
economy of the small reciprocating engine. 


STEAM TURBINE 


The steam turbine is now at the head of the list of prime 
movers. The items of comparison with other prime movers are: 

(a) Capacity 

(b) Efficiency 

(c) Weight 

(d) Price. 

Capacity and Efficiency. Usually the figure quoted as the 
measure of efficiency is the water rate or steam consumption 
per kilowatt-hour. Hardly any measure can be selected which 
is less satisfactory, since, unless the steam and vacuum conditions 
are stated, the water rate means nothing. Two turbines of 
exactly equal merits may be quoted as having very different water 
rates if one is operated on superheated steam with high vacuum, 
and the other wet steam and lower vacuum. To fix the merits 
of the design, a knowledge of the efficiency ratio (Rankine cycle) 
is necessary; and to fix the thermal efficiency, a knowledge of the 
steam conditions is needed—in other words, the heat drop avail- 
able. 

The water rate of a perfect Rankine-cycle engine is given as 
3415 divided by the available adiabatic heat drop between initial 
and final conditions of the steam. Table I gives a few values 
for the commoner conditions in use. The efficiency ratio is 
equal to the Rankine-cycle water rate divided by the actual 
water rate of the turbine. The thermal efficiency and the 
water rate are both dependent upon the steam conditions, 
and can never be correctly compared except upon the same basis 
of pressure, superheat and vacuum. 

The efficiency ratio is a measure of the goodness of the design, 
influenced somewhat by steam and vacuum conditions. The 
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efficiency ratios of modern turbines differ much less from each 
other than the variation of water rates would lead one to suppose. 

The efficiency ratio increases (a) with size, (b) with superheat, 
(c) with reduction of vacuum down to about 26 in. (66 cm.), 
(d) with reduction of pressure. Speed also affects efficiency 
ratio, either to increase or decrease it, depending upon the design 
and conditions. Thermal efficiency increases (e) with pressure, 
(f) with superheat, (g) with vacuum. It is evident that some 
of these conditions at least are incompatible with each other, 
and that the turbine having the best water rate may not have 
the highest efficiency ratio. 

Fig. 1 shows water rates which may be obtained for various 
sizes of machines. For the standard conditions of 175 Ib. 
(79.3 kg.) gage, 100 deg. superheat, 28} in. (72.4 cm.) vacuum, 
the average value is that which will ordinarily be obtained for 
standard designs; but better or poorer rates may be obtained 
under special conditions, either of design for high efficiency, 
which increases cost, or of cheap construction, which usually 
means poor water rate. : 

Fig. 2 shows the Rankine-cycle efficiency ratios under the same 
conditions. For the same sizes of machine, 25-cycle generators 
will have the same water rate and efficiency ratios, as the varia- 
tion in speed can be readily cared for without sacrifice of effi- 
ciency. The corrections for other steam and vacuum conditions 
must be applied to get the proper water rates,—these differing 
somewhat for different types. The usual superheat correction 
is one per cent improvement in water rate for each 10 deg. 
superheat between saturation and 100 deg.; one per cent for 
each 123 deg. superheat between 100 and 200 deg. superheat. 
The vacuum correction varies considerably with different ma- 
chines, and amounts to about 5 per cent improvement between 
27 and 28 in. (68.5 and 71 cm.); 6 per cent between 28 and 29 
in. (71 and 73.9 cm.) A better method is to use the total heat 
drop available in each case as a ratio applied to the water rate. 
An important feature influencing cost is the matching of genera- 
tor and turbine. In many cases the turbine has its best water 
rate at the maximum 24-hour rating of the generator. For 
many purposes this is undesirable. The best water rate should 
occur at from 75 to 85 per cent of the maximum 24-hour rating 
of the generator; in other words, the turbine should be smaller 
than the generator. 

The overload devices (extra nozzles in the case of impulse 
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turbines and by-passing in the reaction turbines) can be readily 
designed to take care of the loads up to 50 per cent in excess of 
the best water rate load in the turbine. The best water rate 


[} 
~ 


SEE 


28 


26 


ans 


(Dasara ae fa 
+— 


Ae es | ae (| ee eee ier 
ee 


————ae—————SSSao 


| 5 

pe) 

a oo 

Ie i =f 

SS = | 

x Ll : 

s, | 2 

: | : 

| | z 

SI il = 

IIS IIE : 

iil | +—HI a 3 

Sy oO 

Hee 2 

% » 

c SS BBN ON one aur 

S es 2 

& vy 3S 4 

9 ~ 3 2) 

= its so 2 

et TT [Met 2 82 

rap 

8 Wis] | = es 

= +S} 85 

§ He) See 

re i v = n 
wv <e 

| WwW mea | R | us 5 

: | | | = as 

| Valacal-aahapata 

12) 

we? 

IIa 

Ql G 

Gq 

| : 

Lal 

| : 

aq 

“i 

N 

¥4 

ao 

= 


Fic. 2—STEAM TURBINES—RANKINE-CYCLE EFFICIENCY RATIO AND THERMAL EFFICIENCY vs. CAPACITY 
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reached by the turbine occurs just before these overload de- 
vices operate; and it is for the steam flow at these loads that the 
turbine proportions are designed. When the effect of auxi- 
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liary steam consumption on the steam demand of the engine 
room is considered, it is evident that the under-sizing of the tur- 
bine to a small degree is desirable. 

Weight. The weight increases with the increase of vacuum, 
decrease of speed, decrease of initial pressure, and increase of 
efficiency ratio. The increase of vacuum obviously affects the 
weight by increasing the size of the exhaust end and the blading. 
Decrease of speed increases the weight, as it enlarges the di- 
mensions in every direction for a given capacity, and some- 
times increases the number of stages for a given efficiency. 
Increase of efficiency ratio usually implies sharper blade angles, 
more stages, and larger blading, which obviously increases the 
weight. Fig. 3 gives the total weight and weight per kilowatt 
under the standard conditions previously stated. 

Cost. The turbine design is usually a compromise between 
cost of manufacture and efficiency. The cost is influenced by 
steam conditions, speed, and by type, to some extent. Increased 
thermal efficiency means increased cost, as it means increased 
blade dimensions, stages, and exhaust openings for higher 
vacuum, and in some cases altered construction to suit higher 
superheats. 

Fig. 4 is cost per kilowatt and total cost for machines built 
to the standard conditions previously given, delivered and 
erected within 600 miles of factory. 25-cycle machines will 
cost from 15 per cent more, in smaller sizes, to 10 per cent 
more in the larger sizes. Cost per lb. (Fig. 5) remains about 
constant for any given capacity, so that this increase in cost 
for 25-cycle machines is readily explained, as the reduction in 
speed from 1800 to 1500 and from 3600 to 3000 revolutions 
raises the weight approximately in inverse proportion to the 
decrease in speed. 

The three items which influence the purchasing of a turbine 
are price, water rate and time of delivery. The time of de- 
livery cannot be much reduced beyond a certain point. There 
is, therefore, a very strong tendency to cut the price or the water 
rate in order to get the business where competition 1s very keen. 
As only about one turbine in every 50 sold is ever tested, the 
opportunity to manipulate the water rate of the turbine down- 
ward has often proved a stumbling block to good engineering, 
The cost to manufacture any of the standard makes is not very 
different. The prices ordinarily will therefore be about the 
same. The tendency to cut the water rate below what can 
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actually be obtained can therefore only be checked by the 
engineer’s watchfulness. Comparison with the Rankine effi- 
ciency ratio for any size machine is one of the safest means of 


detecting spurious water rates, 
since they will give impossible 
efficiency ratios. 


Gas ENGINES 


The fuel supply for the various 
classes of this type of prime 
mover is obtained either by the 
conversion of coal, coke, lignite, 
peat, wood, oil or other kindred 
fuels into a gaseous product in 
a producer; or from natural re- 
sources, or the recovery of waste 
or by-product gases from blast 
furnaces and coke ovens. The 
utilization of natural gas and 
blast furnace gas has enabled a 
wide application of the gas en- 
gine, amounting to over 75 per 
cent of the total gas power 
machinery installed in the 
United States, the natural gas 
being in the lead as to aggregate 
capacity. 

The development of large gas 
engines is largely due to the 
ideal conditions existing in steel 
industries, where large quanti- 
ties of blast furnace gas are 
available, requiring only clean- 
ing to make a perfect fuel for 
this type of prime mover. Blast- 
furnace-gas power plants have 
been especially striking owing 
to the magnitude of the engine, 
which has now reached a capac- 
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STEAM TURBINES—COST PER LB. vs. MAXIMUM RATING 


60 cycles, max. 24 hr. rating, 50 deg. cent. rise; power factor 80 per cent, pressure 175 lb.; superheat 100 deg fahr., vacuum 28.5 in. 


Ere. 5 


ity of 6000 brake horse power for a single unit of the twin 


tandem type. 


The main improvements in gas engines have been in the re- 
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inforcement of cylinder castings, simplicity of the cylinder, 
piston and rod construction, more efficient packing, adoption 
of the throttling governors, etc. 

The rapid introduction of the gas-producer in the manufac- 
ture of gas from cheap grades of coal has given special impetus 
to the producer gas engine. Many of the low grades of fuel 
which are not fit for use under the steam boiler have been used 
with reasonable success in the producer. 

There is now a growing demand for gas engines to operate 
with coke oven gas, and probably interesting developments 
may be expected along this line within the next few years. 

With the universal tendency toward high-speed rotative 
machinery, engineers engaged in the development of internal 
combustion engines have recently shown renewed activity in 
substituting rotary for reciprocating motion. While much valu- 
able information has been obtained, yet the practical difficulties 
have not been surmounted and the gas turbine has not reached 
a commercial stage. However, if the gas turbine does come, 
it will probably revolutionize power production in large steel 
centers and wherever natural fuel oils abound in this country. 

Capacity. There are two general types of gas engines known 
as the two-cycle and four-cycle, or two-stroke and four-stroke, 
built with single- or double-acting cylinders, either vertical or 
horizontal, the usual form in sizes above 200 brake horse power 
consisting of two double-acting cylinders set tandem. By 
combining two such units we have the twin tandem.type that 
is built in sizes as large as 6000 brake horse power. The four- 
cycle engine is the type that is almost always used in units of 
any appreciable size, and especially the double-acting four- 
cycle type with two cylinders arranged in tandem, which was 
brought to a commercial state about eleven years ago. 

Steam turbine and engine ratings are usually such that they 
are worked under their most economical load at the rating of 
the electrical generator. With gas engines, on the other hand, 
the efficiency increases with the load beyond the capacity of 
the engine (see efficiency curve, Fig. 6), and for this reason the 
rating of the engine is generally made as nearly as possible to 
its maximum capacity, allowing from 10 to 20 per cent for over- 
load. 

The gas engine does not possess inherent capacity for over- 
loads in the same sense in which the steam turbine and engine 
do, hence whatever overload it has, is allowed by the manu- 
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facturer. The maximum capacity of a gas engine is evidently 
reached when the cylinder has taken a full charge of mixture 
of the highest heat value and density, that is, containing the 
maximum B.t.u.’s (large calories) per cu. ft. (0.028 cu. m.). 
This being the case, it is evident that gas engines must accom- 
modate themselves to variations in the quality of the gas. As- 
suming for illustration, that a 10 per cent overload is sufficient, 
an engine of 550 horse power maximum capacity would then 
be rated at 500 horse power. 

The gas engine being fairly limited as to the power which 
may be produced in a single unit, there has developed on the 
part of some manufacturers a disposition to increase speeds. 
While high speeds have been used in steam turbine and engine 
practise, it should not be taken as a criterion in gas engine work, 
as the heavy masses involved in the reciprocating parts of the 
gas engine may become destructive and the result may be 
higher maintenance cost. 

Efficiency. One of the characteristics of the gas engine which 
other heat engines do not possess is that the thermal efficiency 
remains fairly uniform over all ranges of sizes. 

Fig. 6 shows representative curves of thermal efficiency and 
rate of heat consumption per kilowatt generated, for different 
percentages of normal full-load rating, of large four-cycle pro- 
ducer and natural-gas engines, no allowance being made for 
auxiliaries. 

Many figures have been given of the thermal efficiency of 
the gas engine which vary materially, but we believe that the 
curve above referred to gives conditions generally met with in 
large gas engines, namely, 25.2 per cent on the basis of brake 
horse power, or 23.8 per cent on the basis of kilowatt-hours 
generated at full load rating. All curves of the gas and oil 
engines have been referred to the basis of kilowatt-hours gen- 
erated, so as to be comparable with the steam turbine and engine. 

The range of fuel consumption as guaranteed by American 
manufacturers for their engines at full load rating with differ- 
ent fuels varies from 9500 to 13,500 B.t.u. per brake hp-hr. 
(2394 to 3402 large calories) for producer gas, and 8500 to 
15,000 B.t.u. per brake hp-hr. (2142 to 3780 large calories) for 
natural gas, or reducing to basis of kw-hr., 13,500 to 19,200 
B.t.u. per kw-hr. (3402 to 4838 large calories) for producer gas, 
and 12,200 to 21,400 B.tu. per kw-hr. (3074 to 5393 large 
calories) for natural gas. Blast furnace gas runs in the neigh- 


atl 
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borhood of 10,500 B.t.u. per brake hp-hr. (2648 large calories), 
or 15,000 B.t.u. per kw-hr. (3780 large calories) generated. 
Weight. The operation of the gas engine involves high tem- 
peratures and pressures suddenly applied to the working parts, 
consequently this class of prime mover is inherently massive. 
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Fic. 6—REPRESENTATIVE CURVES OF LARGE Gas ENGINES USING PRODUCER OR NATURAL 
Gas AND DIRECTLY CONNECTED TO 60-CyCLE GENERATOR (AUXILIARIES NOT ALLOWED FOR) 
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The range in weights of the various sizes of horizontal type 
producer-gas and natural-gas, four-cycle single- and double- 
acting tandem and twin-tandem gas engines, as manufactured 
by the largest gas engine companies in this country, 1s shown 
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These curves are drawn to include all capacities from 200 to 
2000 kw., and show that there is a variation of 20 per cent from 
the average weight. Considering the curve of average weight 
per kilowatt, one thing is basic, namely, that the big unit weighs 
more per kilowatt than the small unit. The reason is that as 
you go up in size and lengthen out the stroke the weight runs 
up per unit capacity. The weight is governed by many con- 
siderations, such as rotative speed, the mean effective pressure 
on which the builder figures his rating, the nearest size the 
builder has to fit a given generator, the question of single or 
double crank, etc. 

Cost. On account of the heavy parts made necessary by high 
temperatures and pressures, the gas engine is considerably 
more expensive to build than steam turbines or steam engines. 

In some types of gas engines there is not very much difference 
between the cost per unit capacity in large and small sizes, 
whereas with other companies it varies considerably. 

Fig. 8 shows the limits of total cost, average cost per kilowatt 
capacity, and average cost per pound, of the type and size of 
engine and generator as described in Fig. 7. The price is for 
engine and generator complete and installed, exclusive of founda- 
tions, within 600 miles of factory. It will be seen that the price 
varies 18 per cent from the average for the different types. 

The cost of the gas engine is influenced by the same con- 
ditions that govern the weight, as explained above. The dif- 
ferent combinations of stroke and synchronous speed result 
in varying piston speeds, and for a given power the price will 
be higher the lower the speed. Many attempts have been 
made to lower the cost of the gas engine by decreasing its weight 
without impairing its reliability, and to increase its capacity 
by increasing the pressure of the charge and simultaneous scav- 
enging of the exhaust gases, but all without definite results. 


Orit ENGINES 

Oil engines have progressed rather slowly in this country, 
while in Europe the development has been more marked, espec- 
ially since the expiration of the basic Diesel patents in 1912. 

The Diesel engine is essentially a vertical type, but the last 
two years have witnessed a remarkable development of the hor- 
izontal type. While tests show that the fuel consumption is 
slightly higher than with the vertical type, nevertheless on 
account of the greater simplicity and better accessibility and 


[June 25 


STOTT, PIGOTT AND GORSUCH: 


1148 


°F 00+! oof! 002! OOll 0001 006 008 OOL 


-_ JSS ERRL Jee 
PELCE es Ppiehy | 


UOLOVY AAMOd INAD add QS LV ALIOVAVO 

“MH 000Z OL 00Z WOUA SYOLVYANAD ATIOAD-09 OL GALOANNOD ATLOANIG ‘NAGNV], NIM], GNV WAGNV], 

‘ATOAD-f ‘SANIONG SVD ‘IVANLVN ANV SVD AdONGONY (AMALOVAANVIN NVOIMAWY) AMAL IVINOZINOPF[—8 ‘Oly 
MY ‘ALIDVAWD 


009 00S 00 oof 002 O01 pos ; 
a ot 000%! ~— ak 
alae soa 100002 ¢ 

> SSP 5 om aoe Joovoe +L 
ns est 1 —|—] 000+ gL 


00005 4 OL 
dee & F LL 


| 1 loogoz 8 ez 
po) 


000'08 = GL 
mes 
aa 42 ee 
| z 

000°001 m oe 

000° 08 ons 


wo 


Teo eae te 
Pe] 
Seauuae ie | 
0000+ 


Mm 


(=) 

oO 

S 

Oo 

wo 
(NOILVANNO4 9.19X9)'S 


So 
(S) 
[o} 
oO 
~ 


=) 10), 10." 


-SLN3D‘G3TIVISNI ‘87 Ya 


ASNI™Y> Yad LSOD SAV 


> 


aan 


Lo 
fe) 


2) 


a 


1914] PRIME MOVERS 1149 


lower cost, many manufacturers have launched out to build 
them. 

There are approximately 300 installations of medium- and 
heavy-duty oil engines, aggregating over 75,000 h.p., in operation 
in the United States. 

On account of the very high cost of natural oils in countries 
that do not have an oil production of their own, the use of tar 
oil with a small addition of ignition oil in the Diesel engine is 
rapidly finding favor. Some oil engines operate satisfactorily 
on any fuel and especially the crude oils produced in this coun- 
try, while others are limited to certain qualities. The recog- 
nition that coal is too valuable a fuel to be wasted in our present- 
day furnaces, is spreading, and much interest is being taken 
in the by-product coke oven and by-product gas producer 
plants, in hope that the production of tar oil, an artificial pro- 
duct, will aid to check the advance in price of natural liquid 
fiiels. In this country the condition is different on account of 
the supply of rich natural oils, such as the light grades of crude 
oil produced in the eastern fields, as well as the heaviest grades 
produced by the California, Texas, Oklahoma and Mexican 
fields, which are largely asphalt base. 

Capacity. Similar to the gas engine, the oil engine does not 
possess an inherent overload capacity in the same sense that the 
steam turbine does, hence, whatever overload is required must 
be provided by the manufacturer. 

The oil engine is restricted in size for the same reasons given 
in the case of gas engines. The largest Diesel engine operating 
in this country is a 450 brake horse power double-unit vertical 
four-cycle three-cylinder type, whereas in Europe they have 
been built as large as 2500 brake horse power. There has 
recently been built in Germany a 2000 brake horse power hor- 
izontal double-acting, four-cycle, twin-tandem Diesel engine 
operating with tar oil, which promises interesting results. 

Efficiency. The thermal efficiency of the oil engine varies 
slightly with the capacity. Unlike the gas engine, the thermal 
efficiency does not increase with the load beyond the capacity 
of the engine. 

Figures of efficiency have been given at different times that 
cannot be substantiated. With oil having 19,000 B.t.u.’s (4788 
large calories) per lb. (0.4534 kg.), the thermal efficiency and fuel 
consumption that may be expected at different percentages of 
normal full load rating, no allowance being made for auxil- 


iaries, are shown in Fig. 9. 
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At full load the fuel consumption is 0.64 Ib. (0.29 kg.) per 
kw-hr. or 0.45 lb. (0.204 kg.) per brake horse power, and the 
thermal efficiency 28.2 per cent per kw-hr., or 29.8 per cent per 
brake horse power. 
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Fic. 9—VERTICAL DIESEL ENGINE, 4-CYCLE, 3 AND 6 CYLINDERS, DIRECTLY CONNECTED 
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The fuel consumption of the best oil engines to-day, made in 
large sizes, varies from 0.40 to 0.50 lb. per brake horse power, 
the highest fuel economy being obtained by the four-cycle type. 

Weight. The Diesel engine is inherently massive for the 


same reason as the gas engine, namely, high temperatures and - 
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pressures, consequently the weight, including engine and gen- 
erator, per kilowatt capacity, increases with the size, as shown 
in Fig. 10. 

It will be seen that the increase in weight from 40 to 160 kw. 
capacity is very rapid, while with sizes larger than 160 kw. it 
is not so pronounced. 
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High-compression Diesel-cycle crude-oil engines of the two- 
and four-cycle, single- and twin-cylinder, horizontal type, us- 
ing a heavy grade of crude oil, are now being manufactured in 
America as large as 500 h.p. capacity, some companies standing 
ready to construct units of 800h. p. capacity if required. Fig. 12 
shows the average total weight and weight per kilowatt ca- 
pacity for these machines. 
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Cost. There have been so few oil engines driving generators 
of any appreciable size installed in this country that it is a dif- 
ficult matter to tabulate any costs for comparative purposes 
with other prime movers. The most reliable figures available 
for the Diesel engine average approximately $95 per kilowatt 
installed, including engine and generator complete, but not the 
foundations, within 600 miles of factory. Fig. 11 gives the 
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Fic. 11—VerticaL DiEsEL ENGINE (AMERICAN MANUFACTURE) 4-CycLE, 3 
AND 6 CYLINDERS, DrrEcTLY CONNECTED TO 60-CycLE GENERATOR, 40 TO 
400 Kw. CAPACITY : 


average total cost per kilowatt for all sizes at $95 per kw., also 
the cost per pound, which decreases but slightly for machines 
above 160 kw. capacity. 

Important improvements in the construction of the vertical 
type Diesel engine are being made in this country, as well asin 


Europe, which will probably reduce the weight and conse- 
quently the unit cost. 
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The average total cost, average cost per kilowatt and average 
cost per pound of two- and four-cycle, horizontal, crude-oil 
engines, American manufacture, including engine and generator, 
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are shown in Fig. 13, corresponding to the weights given in 
i Bnifezs Wb 

There is considerable variation in the weights and costs of 
the horizontal type oil engines of the different manufacturers, 


to 60-CycLE GENERATORS FROM 40 TO 500 Kw. Capacity AT 80 PER CENT POWER FACTOR 
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and for this reason the average curve is given instead of the 
maximum and minimum. The weights and costs are fairly 
consistent for the single cylinders of all sizes, the greatest dif- 
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ference being with the twin- and four-cylinder types. Thes2 
cu-ves hold fairly well for the so-called semi-Diesel horizontal 
type. 
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HypDRAULIc TURBINES 


The development of hydroelectric power installations has 
created new demands on the designers and manufacturers of 
hydraulic turbines for betterments in efficiency, power, speed, 
strength and size of turbine runners. 

In early hydraulic installations, efficiency was frequently of 
small importance, but as the demands for power increased, and 
the capacity of sources of water supply became overtaxed, high 
efficiency became of importance. 

In the case of modern hydroelectric developments, there are 
few sources of supply so great that the efficiency of the installed 
machinery is not of the highest importance. The demand on 
turbine designers ‘and manufacturers for increased efficiency 
has been met by better design, better construction, and better 
finish; and as a result, the efficiency of turbines has been so in- 
creased that in the case of at least four different manufacturers, 
efficiencies of 90 per cent or over have recently been obtained 
at the hydraulic testing flume at Holyoke under the best condi- 
tions of gate, speed and head; and high efficiencies can now be 
maintained through considerable variations both of head and 
power, as will be seen by reference to Fig. 14. 

Recent tests at Holyoke on a high specific speed 28-in. (71-cm.) 
vertical Francis type turbine, the results of which are shown 
in Fig. 15, represent the best that is being accomplished at the 
present time. 

It will be seen that the efficiency remains fairly constant 
through a considerable variation in power. The efficiency at 
90 per cent gate opening is 91.5 per cent and at full gate it 
dropped to 84 per cent. 

For direct connection to comparatively high-speed electrical 
machinery, both capacity and speed, together with high effi- 
ciency, are common demands. A comparison of the power 
capacity of various types of wheels can best be made on the basis 
of the power of the unit wheels of the various types under the 
unit head. This unit power is represented by the equation 


ip 
OC = “pn: 7372 


@ is the unit power of the unit wheel of the type considered 
under unit head, 

P is the power (h.p.) of any wheel under the head h, 

D is the diameter in inches of the wheel considered, 

h is the head in feet under which the power (P) is developed. 
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In each case the best conditions of speed and efficiency are 
assumed to obtain. 
In the original Boyden-Fourneyron turbine of 1849, the value 


OL OWS ECUEINGO), fq store tlet aude, Sie es 0.00032 
This was increased by Swain in 1855 to.... 0.0008 
By McCormick ta). SOUin0... ie sea. ote 0.0014 
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in a recent design, without a reduction in efficiency below 
87 per cent, an enormous increase in power which is quite 
worthy of note. 

Capacity and speed are both often highly desirable for elec- 
tric machinery if both can be extended without too great a 
sacrifice in efficiency. The combined capacity and speed may 
be compared by the speed-power coefficients of the various types 
(see page 1409, Vol. XXXI, Transactions A.I.E.E.), which 
may be termed the ‘‘ specific power ” of the wheel, and which 
is represented by the equation 

eee 
a 
in which n = the revolutions per minute of the wheel under the 
head h and with the horse power P. The speed-power co- 
efficient @; is the square of the coefficient of unity speed. 

The value ®; = 10,000 had barely been reached in 1910, but 
during the present year a designer has succeeded in increasing 
the value to ®; = 11,800. : 

Such wheels are frequently of high value for low-head and 
high-speed conditions, but cannot maintain such high efficien- 
cies under great ranges of head and loads as can be maintained 
with wheels of lower “ specific power,’ such as are shown in 
Fig. 14. 

Among the more recent improvements in the construction of 
hydraulic reaction turbine runners may be mentioned the con- 
struction of high-capacity runners of cast steel in single castings, 
thus giving great strength with large capacity under high heads 
to which such turbines could not previously be applied. 

The recent successful construction of the large single reaction 
turbines for the Keokuk hydroelectric plant is also worthy of 
note. These turbines are 16 ft. 2 in. (4.875 m.) in diameter and will 
operate at 57.7 revolutions per minute under a 32-ft. (9.75-m.) head. 
The runners weigh 73 tons each and develop 10,000 h.p. While 
greater power has previously been developed by single wheels 
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under high heads, these wheels are remarkable for the amount 
of power developed under the low head utilized. 

Since 1911, the trend has been toward the adoption of the 
single-runner, vertical-shaft turbine for low and medium heads. 
This change in type of unit is due to the recent progress in the 
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design and development of high-capacity runners, also the im- 
provement in thrust bearings. 

Prior to this time; the majority of turbines for low and medium 
heads were either of the vertical-shaft, multi-runner type, or 
of the horizontal-shaft, multi-runner type. 

Weight and Cost. The weights and costs of hydraulic prime 
movers are not strictly comparable with the steam turbine, gas 
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and oil engines, for in the case of the thermodynamic prime 
movers, the conditions are more or less fixed and the costs rel- 
atively uniform, whereas with the water turbines they vary 
between fairly wide limits, depending upon the conditions under 
which they are to be operated. The head, kind of flume, open 
or closed, setting vertical or horizontal, single or multiple, 
material in runner, which may be made of cast iron, cast steel, 
gun metal, bronze, etc., depending upon the service conditions, 
are some of the factors that cause the price and weight to vary 
materially. With a given head, the greater the power of the 
turbine the less the unit cost. With a given head and power, 
the higher the speed the less the unit cost. On the other hand, 
with a given power, the lower the head the greater the unit cost. 
For illustration, a water turbine developing 50 h.p. under a 
30-ft. (9.14-m.) head, and costing $18 per horse power, will 
develop approximately 300 h.p. under a 100-ft. (30.4-m.) head, 
and will cost only $3 per horse power, assuming other conditions 
equal. In reality the cost of the turbine under the 100-ft. 
(9.14 m.) head would be slightly higher than $3, as the construc- 
tion would naturally be more expensive. 

In general it can be said that the cost of hydraulic turbines 
and generators larger than 200 kw. capacity will vary from $30 
to $10 per kilowatt installed, exclusive of foundations. 

With the broader field now covered by turbine design and 
construction, the necessity for careful selection has become most 
important, and the hydraulic engineer can at the present time 
secure hydraulic turbines of the best character and design only 
by careful attention to the intelligent analysis of turbine possi- 
bilities, and the selection of wheels suited to the particular con- 
ditions of head and load under which such turbines are to operate. 


FINANCE AND Economics 
Investment and Fuel Costs. 


a. Heat Engines. In comparing the various types of prime 
movers, conclusions are often reached, largely from a study of 
the cost of fuel, without any reference whatever to the total 
cost of power and the relative investment costs. As it is not 
within the scope of this paper to include operating and main- 
tenance costs for the entire plant, investment costs of the units 
and fuel costs are shown plotted in conjunction with the percent- 
age of normal full-load rating in Figs. 16 and 17 , for making-an 
economic study of the various types of prime movers. 
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The impression that gas and oil power invariably imply a 
lower cost of generation is constantly losing ground through 
the critical analysis of the elements of power costs. Fuel is 
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PER CENT OF NORMAL FULL LOAD RATING 


Fic. 16—RELATIVE INVESTMENT AND FugeL Costs or A 750-Kw. STEAM 
TURBINE, GAS ENGINE, AND OIL ENGINE, INCLUDING DrIRECT-CONn- 
NECTED 60-CycLE-GENERATOR, OPERATING AT DIFFERENT PERCENTAGES 


oF Norma FutiijLoap 


only a fraction of the total cost of power, and there are con- 


ditions where it is overbalanced by other costs. 
Claims have been repeatedly made that steam turbines use 
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two and one-half times the amount of fuel consumed by gas 
engines, but these statements are without foundation. Before 
any fair comparison can be made of fuel consumptions, records 
should be kept over a reasonably long period and the coal re- 
duced to a common basis as to B.t.u. per pound and the per- 
centage lost in refuse. 

The curves plotted in Fig. 16 are for small machines of 750-kw. 
capacity—the steam turbine a single unit costing $15 per kilo- 
watt, the gas engine a single unit costing $73 per kilowatt, and 
the oil or Diesel engine a double unit costing $95 per kilowatt. 
These prices are for the prime mover and generator delivered and 
erected (exclusive of foundations) within 600 miles of the factory. 

The investment costs are taken at 11 per cent for the steam 
turbine and 15 per cent for the gas and oil engines. In invest- 
ment costs are included interest, taxes, insurance and amorti- 
zation fund, that is, an arbitrary percentage that should be set 
aside and the percentage corrected, if necessary periodically, 
so that when the apparatus is condemned on account of obsoles- 
cence or inadequacy, there will be a fund which will meet the 
expense (see A. I. E. E. Trans., 1913, Vol. XXXII, p. 1619.) 

Coal for both the steam turbine and gas engine is taken at 
$3 per ton (1016 kg.) having 14,500 B.t.u. (3654 large calories) 
per lb. (0.4534 kg.) delivered alongside the dock. On account 
of the wide fluctuation in price of the same oil at the same local- 
ity, two figures are used, namely, four and five cents per gallon 
(3.785 litres). All auxiliary costs are included, but stand-by 
costs are not, as these vary widely with the conditions of operation. 

Adding the investment and fuel costs for any percentage of 
normal full load rating, the steam turbine will be found to be 
slightly less than the gas, and considerably less than the oil 
engine. Even with stand-by losses allowed, the turbine will 
still have the advantage over the gas engine for loads below 80 
per cent full load rating. 

The investment costs are computed on the normal full-load 
rating, and if advantage is taken of the overload capacity of the 
turbine, which is approximately 25 per cent for 24 hours, the 
cost per kilowatt-hour during such periods of maximum capacity 
will be less than shown by the curve. This does not apply to gas 
and oil engines, as what little overload capacity may be allowed 
in these machines is for a short period of two hours or even less. 

Another set of curves is plotted in Fig. 17, showing a single 
turbine unit of 20,000-kw. capacity, costing $7.50 per kilowatt, 
ten 2000-kw. gas-engine units costing $65 per kilowatt, and 
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forty 500-kw. oil-engine units at $85 per kilowatt. Ina plant 


of this capacity the gas and oil engines are practically out of 
the running, with these fuel costs. 
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Fic. 17—RELATIVE INVESTMENT AND FueL Costs oF PRIME MOVERS 
DIRECTLY CONNECTED TO 60-CycLE GENERATORS OF 20,000 Kw. 
CAPACITY, OPERATING AT DIFFERENT LOADS 


Steam Turbine—1 unit 20,000-kw. normal pating, 
Gas Engine—10 units 2000-kw. 3 
Oil Engine—40 units 500-kw. 


In computing the cost of fuel the coal was put on the same 
basis, namely, 10,825,000 B.t.u. (2,727,868 large calories) per 
dollar, whereas the oil at 4 cents per gallon 1s equivalent to 
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3,718,000 B.t.u. (936,925 large calories) per dollar. This may 
look as though the steam turbine and gas engine were being 
favored, but in comparing prime movers as they stand to-day 
they must be considered in connection with the prevailing cost 
of fuel. While it is possible to get a cheaper coal than $3 per 
ton (1016 kg.) with 14,500 B.t.u. (3654 large calories) per lb. 
(0.4534 kg.), it is a question whether many more B.t.u’s. (large 
calories) of natural oil per dollar can be obtained, except in a 
few localities. 

If natural instead of producer gas is considered, it would cost 
about 10 cents per 1000 cu. ft. (28.317 cu.m.), which is a reason- 
able figure, as the price varies from 5 to 25 cents per cubic foot, 
depending upon the location of the well. 

At 40 per cent of normal full-load rating, the investment cost 
for the gas engine is approximately 90 per cent of the fuel cost 
and for the oil engine using oil at four cents per gallon (3.785 
liters) it is about 80 per cent, whereas with the steam turbine 
it is only 7 per cent. 

If we assume for illustration, that in a small plant it is possi- 
ble to obtain a horizontal semi-Diesel installation, including 
engine and generator delivered and erected, excluding founda- 
tions, for $73 per kilowatt, and that oil can be purchased for 
3.5 cents per gallon (3.785 liters) delivered, it will be seen from 
Fig. 16 that while the cost of fuel will be slightly in favor of the 
oil engine, the sum of the ordinates above and below the axis 
for any percentage of load will be in favor of the steam turbine. 
With larger installations it will be seen by referring to Fig. 17 
that the turbine has decidedly the advantage. 

All these illustrations are on the basis of the normal full-load 
rating of the plant; however, if reserve capacity is allowed for 
to insure continuity of service, the investment costs for the gas 
and oil engines will be proportionately higher than for the 
steam turbine. 

From a study of these curves it will be seen that the ratio of 
cost of steam to gas and oil units is decidedly in favor of the former 
so that gas and oil power becomes severely handicapped in large 
work owing to the proportionately greater investment burden. 

_And, unless the price of coal rises materially above the present 
value, the gas and oil engines will find limited application 
in stations of any appreciable size, except under very favorable 
circumstances, where natural gas, by-product gas or some 
artificial fuel oil can be secured at low prices. If maintenance 
cost and the additional investment cost required to assure re- 
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liability or continuity of service are included, the steam turbine 
will stand out more prominently. 

b. Hydraulic Turbines. The redeeming feature of the water tur- 
bine, which gives it an advantage over other prime movers, is 
the absence of fuel. As a result, the operating expenses are 
practically the same whether the plant is working 10 or 24 hours 
per day. On the other hand, the investment cost is influenced by 
the load factor, but it is doubtful in any case whether the cost of 
water turbine and generator will exceed twice that of the steam 
turbine and generator on the basis of 11 per cent. When the 
investments costs include an adequate supply of auxiliary capacity 
to supplement the deficiency in stream flow, the difference be- 
tween the investment costs of prime movers plus the fuel costs, 
at any percentage of normal full load rating, will not be so 
marked, as the investment costs of the units of the hydroelectric 
plant will not only be much higher than a straight steam plant, 
but in addition, there will be fuel costs for the reserve units. 
In fact, with the same class of service, and the reliability charge 
in the form of duplication of units or steam reserve, the straight 
steam turbine units will in many cases be more economical. 

In low-priced fuel districts the hydraulic turbine is only a 
competitor of the steam turbine where the development costs 
are moderate and the load factor reasonably high. 

More attention is now being given to the important relation 
between the efficiency and durability of the water turbine than 
has been in the past. It is the opinion of some engineers that the 
most efficient turbine, if operated too constantly at low gate 
opening is likely to show some pitting if the head is high, and they 
recommend that turbines of high specific speed be kept as closely 
loaded as possible to the point of maximum efficiency, while with 
turbines of lower specific speed it is not necessary to operate 
within such close limits. 

General. The proportion of the total investment cost of a 
20,000-kw. plant represented by the prime mover and generator 
for the various types of units, is approximately as follows: 


—s 


Total investment |Cost of prime mover Percentage of 
Prime mover cost per kw. and generator per kw.| total investment 
Steam turbine...... 65.00 7.50 11.5 
Gas engine. .h). 22% «% 140.00 65.00 46.5 
(Producer gas) 
Oil engine. ..0...-.- 120.00 85.00 71 
Hydraulic turbine .. 125.00 12.00 9.6 
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The unit costs are the average values obtained from the cost 
curves given above, while the total costs were estimated and are 
only approximate, especially in the case of the oil engine, as it . 
is impossible to obtain reliable data for this type of installation. 

Considering the different types of prime movers in connection 
with the total investment cost of the plant, it is evident from a 
study of curves similar to Figs. 16 and 17, developed on a load 
factor and total cost basis, that with a very poor load factor the 
all-important point is to keep down the fixed charges, as they 
axe of vastly greater importance than any possible gain in effi- 
ciency due to a better type of prime mover of the same class. 
This is true of any plant, and the curves will show the futility of 
attempting to carry peak loads by means of water turbines, gas 
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and oil engines or any prime mover that necessitates a large in- 
vestment per kilowatt. 

Efficiency and Heat Consumption. Figs. 18 and 19 are 
presented to show conservative thermal efficiencies and heat 
consumptions in B.t.u. per kilowatt-hour at different percent- 
ages of normal full-load rating, for two sizes of steam tur- 
bines and for all sizes of gas and oil engines, reckoned on the 
heat in the steam, gas or oil delivered to the throttle valve, 
and do not include boiler or producer losses or auxiliaries. 

It is evident that as the larger sizes are approached the inequal- 
ity between the steam turbine and gas engine steadily vanishes 
until finally the former exceeds the latter. It is interesting to 
note that at normal full-load rating the thermal efficiency of 
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the 20,000-kw. steam turbine, which is based on 175 lb. steam 
pressure and 100 deg. superheat, is 24.2 per cent, and the producer 
or natural gas engine 23.8 per cent, both referred to kilowatt- 
hour output. Referring to Fig. 2, it will be seen that the average 
thermal efficiency of steam turbines larger than 14,000 kw. 
is between 24 and 25 per cent, and the maximum value for very 
large machines is a little below 25.5 per cent. 

An important feature of the steam turbine, and especially the 
oil engine, is that the efficiency does not materially decrease 
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until the load falls below 25 per cent of the normal rating, 
whereas the gas engine changes rapidly. 

In small plants with a low load factor, efficiency may be a 
secondary matter compared with investment cost, and the cost 
of maintenance and reliability. 

Maintenance and Reliability. On account of the high 
mechanical stresses inherent in the gas and oil engines, 
and heavy reciprocating masses, there is necessarily greater 
maintenance and repair cost, also a lower reliability of ser- 
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vice and a higher class of attendance than for either the steam 
or water turbine units. The reliability of the gas and oil units 
has not been sufficiently established to warrant their adoption 
for reasonably large power stations operating 24 hours daily, 
without the plant being over-burdened with some type of reserve 
and consequently excessive investment costs. 


SPACE ECONOMY 

This factor affects the investment cost of power, and is especi- 
ally of very great importance for plants of any appreciable size 
in large cities or where property is expensive. For different sizes of 
the various types of prime movers the number of kilowatts per 
square foot of floor space occupied, is from 10 to 15 for horizontal 
steam turbines, and from 0.5 to 0.8 kilowatt for gas and oil 
engines. Where a number of gas and oil engines are installed 
and the passage-ways included, the contrast will be still greater. 

SUMMARY 

Perhaps the most remarkable fact brought out in this report is 
shown in Fig. 19, where we find that the large steam turbine has 
now passed the gas engine in thermal efficiency and the only 
prime mover surpassing it is the Diesel type of oil engine. The 
oil engine reaches a maximum efficiency of about 28 per cent ° 
as compared to about 24 per cent for the latest type of 20,000- 
kw. high-vacuum steam turbine, and there is every prospect 
that at least 26 per cent will be realized before the end of the 
current year. 

The present limit in size of the Diesel type engine seems to be 
about 1800 kw., so that for plants in excess of 15,000 kw. in 
capacity the number of units and the space occupied by them 
becomes excessive. Just what their maintenance under the 
high cylinder temperature will be is dubious, as there are not 
sufficient data available to enable the Committee to report. 

Figs. 16 and 17 summarize the whole prime mover situation 
in the combined curves of investment and fuel costs, as by taking 
the sum of the ordinates at any percentage of the rated load it 
will be seen that the steam turbine is far more economical than 
any other type of heat engine. 

In conclusion the authors wish to acknowledge their indebted- 
ness to Mr. D. W. Mead, a member of this committee, for the 
curves of Fig. 14 and a portion of the section on hydraulic 
turbines, and also the kindness of a number of manufacturing 
companies in furnishing the necessary data. 
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Discussion ON ‘“‘ PRESENT Status OF Prime Movers” (Srorr, 
Pigott AND Gorsucy), Derroit, Micu., JuNE 25, 1914. 


R. Tschentscher: The division entitled ‘(Gas Engines’’ 
comprises internal combustion prime movers using natural gas, 
producer gas, or blast furnace and coke oven gas. The relative 
measure in which each enters into the problem is not given. 

In 1907, blast furnace gas engine installations began in 
the iron and steel industry. It was my lot at that time to place 
in service and operate the first plant of any considerable size. 
Power from the plant referred to was imperative, and there 
was therefore but little time for miscellaneous experiments, 
alterations, readjustments, etc. The conditions presented each 
_ day were varied. Experienced men were not obtainable, the 
hours were long, gas headaches were frequent, and the force 
was ever changing. The blast furnace operating conditions, 
required readjustment from a condition of making pig iron 
with gas as a by-product used for air heating or steam genera- 
tion purposes, to a condition where the maintenance of an ade- 
quate gas supply was necessary in order to supply electric power 
for the equipment used in making the pig iron. This 
proposition presented an entirely different phase to the 
blast furnace man. If he did not make the gas, the electric 
power could not be supplied, and hence he could make neither 
pig iron nor gas. I am afraid, therefore, that in some quarters 
a knowledge of the earlier more or less unsatisfactory power 
costs and operating results incident thereto, is still the basis 
for an opinion as to the status of the blast furnace gas engine 
in power stations at the present time. 

The situation, however, based on the facts has been materi- 
ally altered. It is true that from 1907 to 1909 the steel industry 
may have put into operation too many blast furnace gas engine 
plants, and that the gas engine reputation suffered thereby; 
but it is now recognized that after the experimental bill has been 
paid, gas engines operating on blast furnace gas have a footing 
based on true economics, namely, the return on the dollar in- 
vested, all factors considered. 

At the present time statistics which I endeavored to collect 
show that there is approximately 450,000 kw. generating ca- 
pacity in the steel plants that sent returns to me. Of that ca- 
pacity, approximately 175,000 kw. use gas engine generation. 
The United States Steel Corporation alone has installed and in 
service approximately 140,000 kw. of gas engines operating 
from blast furnace gas. The various sizes of the plants range 
from 1000 kw. to 64,000 kw. in one plant. 

About a year ago a paper was read before the Iron and Steel 
Institute, in which were given blast furnace gas electric power 
station costs, not including investment costs or other fixed 
charges, that were, approximately, $2.75 per 1000 kw-hr., being 
2.7 mills per kw-hr. These figures were the results of a year’s 
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operation, 1912, I believe. These figures covered the operation 
of units, most of which were of the earlier type. Since that 
time the situation has materially changed. A 2000-kw. unit is 
not the limit of size by any means. Manufacturers are pre- 
pared to build now, and have had in operation for some time, 
units of 3000 kw. The exact weights I do not recall, but the 
weight per kilowatt for the 3000-kw. unit is much lower than 
it is for the 2000-kw. size. The operating costs for a plant 
composed of 3000-kw. units, as now manufactured and as opera- 
ted for at least two and a half years, are lower than 2.7 mills. 

J. R. Bibbins: Does that include the investment? 

R. Tschentscher: No, the figures do not include investment. 
They are what is customarily considered as power station cost. 

I wish to comment on a few specific points mentioned in the 
paper. In Fig. 16 are given fuel costs for a 750-kw. unit. For 
fear these may be taken as representative of what the gas engine 
can do, I will say that from my knowledge of the subject it 
appears to me to be not equitable to compare the 750-kw. unit 
with the turbine or reciprocating engine of that capacity. I 
am discussing this subject merely from the standpoint of blast 
furnace gas engines, not natural gas or producer gas engines. 
A steel plant requiring but 750 kw. would far better install a 
steam power prime mover or buy its power from some other 
source, because such a plant will probably have considerable 
periods in which there will be no gas available and no furnace 
in operation, and hence no power can be generated from the gas 
engine installation. I think it may be stated as a fact that the 
750-kw. gas engine has no place in the steel plant. Therefore, 
comparison by using such units, as far as the blast furnace gas 
engine is concerned, may be misleading. 

On the page following Fig. 16, the cost of $3 per ton is used 
as the cost for fuel in the relative comparisons, which, I believe, 
is too high when considering cost of fuel as used by steel plants. 
Most steel plants are located at a point of low fuel cost, and $2 
would more nearly represent the true condition. 

In the last paragraph of that page it is stated that the steam 
turbine has an overload capacity of approximately 25 per cent 
for 24 hours, while the gas engine is credited with an overload 
capacity for short periods, two hours or even less. That may 
apply very well to the motive power end of the unit. A steam 
turbine, no doubt, can operate for 24 hours a day at 25 per cent 
overload. To a large extent the gas engine may or may not be 
able to do that, depending on the design, depending on how free 
the manufacturer was in his guarantee. However, as far as 
the generator is concerned, I cannot see why the generator on 
the gas engine cannot have the same overload capacity for the 
same length of time as that of the turbine or the steam eng ne, 
provided they are built on the same standards. 

Fig. 17 refers to some interesting data, namely, the cost of: 
20,000-kw. steam turbine units. I presume that what was in- 
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tended here was a comparison of the motive power end, the prime 
mover end, of a plant having 20,000-kw. capacity. If that is 
the case, it does not appear to me to be fair to allow one 20,000- 
kw. turbine as the capacity of a 20,000-kw. station. No one, 
of course, would so design it. It would be designed with two 
20,000-kw., or three 10,000-kw., or four 7500-kw., or perhaps 
two 15,000-kw. units, depending on the overload capacity, in 
case one unit is shut down. The reason I mention thatis this— 
the 20,000-kw. turbine is compared with ten 2000-kw. gas en- 
gines. Ten 2000-kw. gas engines such as may now be purchased, 
I believe will have a greater yearly kilowatt output than one 
20,000-kw. turbine unit. Therefore, it appears to me that a much 
fairer comparison would be to arrange the curves to refer to 
a 20,000-kw. output station, each prime mover being of the 
most suitable size. This might, in the case of the gas engine 
plant, consist safely of eight 3000-kw. blast furnace gas engines 
or perhaps seven. I will not attempt to say how many oil 
engines, as I am not familiar with the subject. On this basis 
the situation is altered, and these curves will assume an entirely 
different shape. Eight 3000-kw. gas engines may be purchased 
for materially less than $65 per kw., installed on the foundations. 
Not having the figures definitely at hand, I am, however, of 
the opinion that $50 or less will purchase the equipment. 

The table at the bottom of page 1163 deals with the total invest- 
ment cost of gas engines and other prime movers, and I see it is 
stated that the cost of the producer gas engineis $140 perkw. Unless 
the price of producers has materially increased, I believe that is 
a high figure. When I first made my comments or notes here 
in connection with this particular table, I did not see that ‘‘pro- 
ducer gas’’ was put in parentheses. Some have the opinion 
that the blast furnace gas engine installation will run in the 
neighborhood of $140. It can be installed for materially less 
than that, not including, of course, land values, which vary so 
greatly, depending on location. Without considering land values, 
I believe a 30,000-kw. plant may be installed for from $85 to 
$100 per kw., including the gas cleaning plant, together with 
the necessary piping, all auxiliaries, etc. Gish 

On page 1165 the question of reliability is mentioned, giving 
the steam turbine by far the best of the argument. In that con- 
nection I wish again to say that the situation is materially dif- 
ferent from what it was several years ago. The history of the 
operation of one particular plant for the past few years shows 
very reliable blast furnace gas engine operation—probably as 
reliable as a steam turbine plant, with the exception of, per- 
haps, a little unreliability in this local plant in the gas 
supply end, due to periodically restricted furnace operations. 
As far as the power station operation is concerned, modern 
gas engines are practically as reliable as steam turbines. It 
must be remembered that blast furnace gas engines operate 
twenty-four hours a day, because the mills operate on a twenty- 


four hours per day basis. 
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A paragraph on the last page of the paper deals with the 
question of space economy. It is stated that a gas engine in- 
stallation requires twenty times the space of a horizontal steam 
turbine installation. When that figure was presented to me I 
pictured an 8000-kw. plant with which I am familiar and tried 
to figure whether I could replace that with a 160,000-kw. hori- 
zontal turbine outfit. I am perfectly safe in saying I could not. 
I could probably put a 70,000-or 80,000-kw. horizontal steam 
turbine plant in that space. 

I would like to call the attention of any one who is interested 
in the subject of producer gas engines to the installation which 
the Ford Motor Company is now in process of making. There 
will be three 3750-kw. generators, direct-connected to twin 
tandem combined gas-steam engines, a very unique installation. 
What they will realize I do not know—one side of the outfit 
being steam-driven and the other producer-gas-driven; the 
boilers to be mounted above the producers, and the feed water 
to be heated from the waste gas of the gas engines. I under- 
stood in conversation this morning with one of the representa- 
tives of the company, that they have overcome the usual diffi- 
culties, and on that basis we are likely to see some exceedingly 
economical results obtained at that plant. 

In conclusion, I would like to say that the paper which has 
been presented to us this afternoon is of very great value, but 
one is apt to draw erroneous conclusions from a paper which 
treats of prime movers only, and it ought to be emphasized that 
all these figures should be taken as representing prime movers 
only, and not as being typical of the entire generating plant. 
Operating conditions and costs of the boiler plant, the producer 
plant, or the gas cleaning plant, or similar factors relative to 
auxiliaries, may greatly modify the conclusions which may be 
drawn from a consideration of prime movers only. 

J. R. Bibbins: This admirable paper brings forcibly to mind 
two fundamental facts both intimately related to the cost of 
power production: (a) the tremendously rapid increase in the 
capacity and the cost and weight efficiency of steam turbine 
units; (b) the correspondingly rapid aging of power genera- 
ting apparatus by change in the art, and the heavy replacement 
or obsolescence charges resulting therefrom. 

The one is evident on the face of the facts presented, the 
other, by experience only, and yet in an established property 
the burden of fixed charges due to obsolescence must be reckoned 
with and might operate to modify largely the relative economic 
positions of the various prime movers represented in this paper. 
It is to be hoped that the authors will present something further 
on this aspect of the question in the future. 

While the general economic principles employed in this paper 
are quite unimpeachable, it seems to me that forced compari- 
sons between the relatively small units of the internal combus- 
tion type and the large units of the steam turbine type can 
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hardly lead to conclusions fundamentally sound in the broader 
aspect of system vs. size. Thus the comparison drawn here for 
a 20,000-kw. plant is justifiable only in so far as it applies to 
the forced conditions of ten gas units vs. one steam unit. Obvi- 
ously neither installation would receive serious consideration 
to-day as an effective layout, and a true comparison of systems 
should be made on smaller capacities. Thus in Fig. 18, the 
heat consumption curve of a 2000-kw. turbine would appear 
to much less advantage than that of the 20,000-kw. unit. 

It is well that .the authors have brought out the importance 
(page 1142) of the Rankine cycle as a detector of spurious water 
rates or heat consumption curves. I have in mind the case of 
a heat engine economy curve published some years ago aS a 
wonderful performance. It looked rather “‘fishy,’’ and I did 
not take even the trouble to work out the thermal efficiency, 
but simply applied the Willans law, as in Fig. 1. This very 
simple graphical method plainly showed that the heat consump- 
tion curve published was in error. 

I am interested to know whether the net basis of heat units 
has been used in making these comparisons. Of course, either 
net or gross would not affect the over-all efficiency of a plant, 
at the coal pile, but it would most decidedly in the comparison 
of these thermal efficiencies. Also, approximately uniform gas 
engine piston speed was presumably used in making these com- 
parisons of engines of various sizes. In the matter of the oil 
engine, while some of the auxiliaries might be ‘dispensed with, 
I do not quite see how the air compressor can be disregarded. 
It is rather difficult to conceive of a Diesel type of engine with- 
out any auxiliaries, because the engine is absolutely dependent 
upon the air injection for its operation. 

In Figs. 16 and 17 the authors have presented an argument 
that seems rather hard to combat, with two exceptions. One 
is the unfortunate choice in the size of units. Thus, in this 
comparison between the 20,000-kw. steam unit and the ten 
2000-kw. gas units, it is important that these costs and economy 
curves should be correlated not only as to size, but as to method 
of operation. It should be assumed that the smaller units were 
put into operation consecutively. That is, 50 per cent plant 
rating should refer to half load on the 20,000-kw. machine, and 
half of the number of smaller machines running at full load, 
rather than half load on all of the small machines. I must 
confess that the latter method, here used, seems unduly un- 
favorable to the smaller units, because it is obviously possible, 
in an underloaded plant, to build up prime mover capacity to 
meet the load with far better over-all efficiency in small units 
than with one very large unit. 

The other point is inregard to the price of steam or gas coal, 
$3 per ton. It was my pleasure to have quite intimate knowledge 
of the development of the bituminous producer in the use of 
low-grade fuels of various kinds. I have not followed very 
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recent developments, but in view of the success attained at 
that time it seems to me inequitable, except in certain individual 
locations, to assign to the producer gas plant as high a price for 
fuel as for steam coal. If the producer has any special field, 
it is as an apparatus designed for, and capable of, using low- 
grade fuels—for instance, the lignites in the West. Thus, any 
possibility of difference in the cost of coal (Fig. 16), would operate 
to overcome the higher investment cost assigned to the power 
gas plant. 

Finally, there is one thought which occurred to me in this 
connection, especially as to the theory of prime movers, and 
their application, presumably, to central station work. In a 
previous paper, presented two days ago at this meeting, the 
question of special peak load apparatus came under discussion, 
and there occurred to me at that time, as many times before, 
the question whether the complete standardization of prime 
movers is absolutely essential in a plant only half of which may 
be called upon for peak load duty, and not for an hour neces- 
sarily, but perhaps for only ten or fifteen minutes. In street 
railway practise, for example, the maximum passenger move- 
ment occurs usually within ten minutes after 5:30 p.m. The 
reflex of this great volume of passenger movement on the power 
plant load does not by any means last over the hour. 

Now, on the other hand, generators are universally rated 
upon at least an hour basis, and the question therefore arises, 
whether it would not be possible to develop a type of prime 
movers or combination of prime movers, of minimum cost, 
perhaps not quite as efficient (because the last grain of efficiency 
would not be necessary at the extreme peak), but of a type ex- 
ceedingly sturdy in construction, one that could stand higher 
temperatures and excessive overloads for these short peak load 
periods. Of course, the steam turbine is able to do this now, 
though not designed primarily for peak load conditions. Per- 
haps a special combination of short peak ratings: would suffice. 
It would be interesting to know how near power plant apparatus, 
as it is designed today, approaches the limit of ultimate ca- 
pacity of materials used. It certainly is not impossible to de- 
termine this in the case of the gas engine installation, which, as 
you can see, is very seriously handicapped on the peak load basis. 

H. M. Hobart: The authors give a table at the bottom of 
page 1163 in which the total investment cost per kilowatt is 
given. With the greatly decreased cost of steam turbines, the 
cost of the prime movers and the generators is now perhaps 
one-half, or even less, of the outlay for land and buildings 
in the case of a station located in or near a large city. It 
would be interesting if, in the first column of this table, the 
authors would indicate more precisely whether the total in- 
vestment cost per kilowatt, at any rate in the case of steam 
turbine plants, includes a station to be laid down in or near a 
large city. 

I want to call attention particularly to this matter of total 
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investment cost. I should be glad if the authors would qualify 
that figure of $65 for the total investment cost per kilowatt for 
the steam turbine plant, given in the table at the bottom of page 
1163, with a precise statement of the allowance they have made 
for the land and buildings in the case they have in mind, since 
that is probably the largest component of all, and leaves us in a 
very vague frame of mind as to the composition of the total 
investment. Figures should preferably be given for each partic- 
ular component of the total investment, and I should like to ask 
the authors to supply these component costs. It would be much 
appreciated if the authors would make a precise statement of the 
total cost in and near large cities, and also the correspond- 
ing allowance for land and buildings. This could be followed 
by the corresponding figures for the same size and design of 
station, but located exclusively with reference to an economical 
supply of coal and water and low prices for land. The addition 
of these data would be much appreciated. 

E. D. Dreyfus: The admitted breadth of the subject of prime 
movers makes it possible only to treat of all of its phases but 
partially in a limited paper; however, sufficient has been pre- 
sented to demonstrate that the steam turbine holds a superior 
position in view of the present prices of the different types of 
equipment and the existing fuel costs. Such an attitude regard- 
Ing the equipment situation has been quite pronounced in the 
power industry during the past two or three years. As pointed 
out in the paper, the steam engine has for some time been rapidly 
losing ground. Greater use of the gas engine has been seriously 
checked by the lagging progress of the producer. While natural 
gas is an ideal fuel for the internal combustion engine, the 
available supply for power purposes is limited and therefore 
its price is too uncertain. Very little practical headway has 
been made in the utilization of the inferior grades of fuel such 
as peat, lignite and the low-grade coals. 

While the gas engine has taken a prominent position in blast 
furnace and steel mill work, I do not believe it can fairly claim 
an undisputed title to that field. Possibly for a limited capacity 
it may show a small economic advantage. However, when 
the plant becomes of an important size the advantage in fuel 
economy not only vanishes, as illustrated in the paper, but the 
gas engine is exceedingly handicapped by its greater mainte- 
nance and attendance costs. For such reasons the gas engine 
will be unable to maintain its former popularity even among 
the steel men. 

The writer made the statement about three years ago that 
the demand for gas engine plants would only be for installations 
of 1000 kw. or less, until there should be a material rise in the 
price of coal. Expected further developments in gas power 
equipment have also, no doubt, deterred the power plant owner 
from installing this type of equipment. 

It might be well to illustrate by example the bearing the 
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item of labor has upon the total operating cost. The labor | 


cost in a gas producer plant containing three 300-kw. units 
would be about $830 per month, while for a similar size steam 
turbine station it would be in the neighborhood of $570. For 
such small size plants the difference may not be serious, but on 
the other hand, if we were to compare plants say of three units 
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of 2000 kw. each, the gas engine station would involve a labor 
cost of about $3425, while the same capacity steam station 
would demand only $2020, roughly. If we take a plant of 
20,000 kw., consisting, in the case of gas engines, of ten 2000-kw. 
units, and if steam turbines are used, of about four 5000-kw. 
units, the respective labor costs would be in the neigborhood of 
$11,180 and $4,475 per month. As the fuel economy of the gas 
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engine is but little better than the steam station when such sizes are 
considered, and, moreover, as the labor cost in the gas engine plant 
exceeds one-third the total operating expense, the internal com- 
bustion engineis obviously given a decided setback. This contrast 
has been made upon the basis of a 50 per cent load factor. The 
lower the load factor, the less economically will the operating 
force be applied, as a general proposition, so that labor cost 
will in a somewhat greater degree prejudice the gas engine plant 
at low load factors. It is rather difficult to show all the com- 
bination of factors at work to influence operating cost under the 
wide range of conditions that obtain. 

I attempted to show, in a paper presented before the Asso- 
ciation of Iron and Steel Electrical Engineers in 1911, the gen- 
eral relations of the different prime movers by taking into ac- 
count all the elemental factors. As germane to the discussion, 
I am presenting (Fig. 1) one of the figures prepared at that 
time, which shows results obtained by taking into account all 
the different costs that enter into the power problem. Except- 
ing the bottom curve, all the comparisons are between gas 
engine plants and steam turbine plants. The area above the 
curves favors the gas engine, and conversely, that below repre- 
sents the economical field of the steam turbine. It will be 
observed that for large gas producer stations operating on low 
load factors, the cost of coal would have to be at some fabulous 
price to justify their existence. In the hydroelectric plant it 
is not only the absence of fuel that makes for low costs (assum- 
ing reasonable development cost), but the small operating and 
maintenance expense gives such a plant an excellent position when 
within close range of a favorable power market. 

Referring to costs of oil engines, some recent figures obtained 
from a large American manufacturer indicated that the complete 
oil engine plant could be installed (including buildings and 
foundations) at costs ranging from $150 down to $100, depend- 
ing upon the size of the plant. A representative of a foreign 
oil engine builder claimed that oil engines could be delivered 
and erected within reasonable shipping distance from port of 
entry, complete with building, at costs about 20 per cent below 
the figures just given. This is expecting a little too much, but 
the oil engine builders are working towards a reduction in the 
cost of the equipment, which should of course give this type 
of equipment a better competitive position. On the other 
hand, the lack of stability of oil prices has a disquieting effect 
upon the use of the oil engine. In the South and Southwest 
in the vicinity of the oil fields or in the neighborhood of the 
ports receiving Mexican crude, the oil engine increases in 1m- 
portance. ; 

In any consideration of prime movers it is becoming better 
understood right along that we can not allow ourselves to be 
guided by technical conditions only. The human element 
enters seriously into a question of this kind. For a given 
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equipment the results obtained under actual operating condi- 
tions may differ in a marked degree, depending upon the ability 
and conscientiousness of the chief and his crew. This is more 
apparent in steam plants, as, with their liberal overload ca- 
pacity, the output may be maintained though the efficiency may 
have fallen off greatly. With the producer gas engine plant, in the 
first place, a more competent force is required, and then if the force 
should become negligent the quality of the gas will suffer and 
at the same time no doubt there will result an inefficient mixture, 
so that the engine may fail to pull the load. Therefore, it may 
be said the gas engine will depart the least from its best opera- 
ting efficiency. Another point—if the external load on the 
station is of a widely fluctuating character, the unit or ‘“machine” 
load factor will be unfavorable, on account of the inadvisibility 
of operating without a conservative margin. In fact, if a gas 
engine is overloaded to any extent it is liable to fall out of step, and 
if the station comprises gas engines only, the effect becomes pro- 
gressive and the whole plant will go down. I have observed 
complete shut-downs from just such causes. There are a great 
many operating considerations to be borne in mind, and this is 
unquestionably accountable for the marked inactivity of the 
gas engine business in the past few years. 

H. G. Stott: Mr. Tschentscher is entirely mistaken in as- 
suming that these comparisons refer to blast furnace gas practise, 
as that is specifically exempted. The blast furnace gas plant 
is not considered in the paper, excepting the reference on the 
page where we begin discussion of the gas engine, that is, on 
page 1142, where you will find due credit is given to the position 
of the large gas engines in steel plants, where we say, ‘‘ The 
development of large gas engines is largely due to the ideal con- 
ditions existing in steel industries, where large quantities of 
blast furnace gas are available, requiring only cleaning to make 
a perfect fuel for this type of prime mover.” Then we go on 
and refer to the fact that they have reached a capacity of 
6000 brake h.p. for a single unit of the twin tandem type. 

Now, some question was raised by Mr. Tschentscher and 
also by Mr. Bibbins, as to the comparison of costs of producing 
power, based upon the assumption of equal cost of fuel. I 
admit that possibly may be a little unfair, but how are you going 
to do it in any other way, in making comparisons? If we use 
cheaper fuel for the gas engine than we do for the steam turbine, 
there would be a complaint from the other side, because, as you 
know, in a great many cases, anthracite is used in producer 
gas engines, and anthracite is usually—not always—but in the 
larger sizes, is much more expensive than bituminous or semi- 
bituminous, so I think it is clear that for the purpose of com- 
parison it was an impossibility for us to do anything but use 
the same price of fuel in both cases, because any needed cor- 
rection can be made in this comparison. If, for example, you 
find the fuel to be used in the producer is 10 per cent or 50 per 
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cent cheaper, it is quite easy to make this correction in these 
curves. If we had started on an unequal assumption of price, 
it would have been very difficult to make the correction. 

Mr. Bibbins asked about the kind of heat unit, whether gross 
or net heat unit. I do not understand the question, but I 
would say that we used the mean B. t. u., which is the average 
B.t.u. contained in steam between a temperature of 32 deg. 
and 212 deg., which is given in practically all the modern steam 
tables, which is 1/180 of the heat contained between two points, 
between 32 deg. and 212 deg. 

There were a number of other questions raised, which I will 
be glad to answer further by a written discussion, as our time 
is limited now. 

Of course, in making these comparisons it is obvious you must 
make generalizations. We have compared in one table here 
the results of all units; for example, in Fig. 16 we go up toa 
maximum size of 750-kw. units, but, in order to be perfectly 
fair to the larger prime mover, namely, the steam turbine, itis 
obvious we had to consider 20,000-kw. turbines. We might 
have gone to the 30,000-kw. turbine, as that is now an ordinary 
type and design; however, we only went to the 20,000-kw. 
turbine, as there are a number of those in actual operation to- 
day. There was no way, which we could see, to compare the 
operation of the 20,000-kw. unit, as a unit, other than to take 
a number of multiples of the smaller ones to compare with it. 
So far as we know, the largest gas engines in actual operation, 
outside of the steel industry, are those of 2000 kw. rating, and 
therefore we chose that size, and the same reasoning applies 
to the oil engine. If we multiply that by two in one case and 
by fifty in another case, it does not alter the relative value, 
and simply quoting the three machines, so as to make them 
comparable, is not fair to the steam turbine, unless we show 
what can be done with the larger sizes. That is the reason 
we did it. 

The paper is also criticised as not covering the entire cost 
of the power plant. This paper is one on prime movers, and 
not on power plant. It seemed to us that we had to take into 
consideration the fuel consumption, but that we could cut out 
all auxiliaries. The consumption of power by the auxiliaries 
of the various types of prime movers is not greatly different 
in relative cases. The total percentage of power is from 6 to 
8 per cent in nearly all cases, so that we had to make certain 
assumptions in order to make these comparisons on what 
seemed fairly equal terms. 

S. Barfoed (by letter): This paper is a résumé for con- 
ditions in that section of the country where coal is ob- 
tainable at reasonable prices. In large sections of the West, 
however, oil is the common fuel, and the curves given under 
“Finance and Economics’? must be revised for this condition. 
Assume the oil to have 18,000 B.t.u. per pound, then with 
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oil-fired boilers at full load a kilowatt-hour can be had from 
1.26 lb. of oil, corresponding to about 259 kw-hr. per barrel of 
oil. With oil at 4 cents per gallon the fuel cost at full load 
and with oil-fired boilers will be 6.5 mills. 
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In Fig. 2 there have been reproduced the curves of Fig. 16 
in the paper and a curve has been added for a turbine with oil- 
fired boilers. Combining this curve with the curve for invest- 
ment costs, and also the curve for the oil engine with oil at 4 
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cents a gallon, with the corresponding investment cost curve, 
it is seen that the oil engine has a considerable margin over the 
turbine from full load to half load. With increasing oil prices 
the margin would be still greater. 

Franklin M. Farwell (by letter): It seems to me that the 
authors, without so stating, are thinking largely in terms of 
great capacity power stations. Almost all well-informed en- 
gineers will concede that for power stations large enough to 
admit of the use of units of 20,000-kw. capacity the steam tur- 
bine has no competitor, with the possible exception of water 
power, but when it comes to the matter of small stations it is 
a different story, and I believe that many engineers will question 
the atithors’ conclusions when applied to power stations of a 
size where all forms of prime movers are on a comparable basis. 

The paper dismisses with a few brief words the reciprocating 
engine as if it were something not worth considering. No 
mention was made of a form of generating plant popularly known 
as the ‘‘locomobile.’”? Many prime movers of this type are 
in use in various parts of the world and at least two concerns 
are selling them in this country now. These engines are especi- 
ally adapted for driving generators of 600 kw. or under and many 
tests have demonstrated that the thermodynamic efficiency 
closely approximates that of the gas engine, and there are 
many who will question the ability of the present steam turbine 
to equal, much less exceed, these efficiencies, except in view of 
the possibilities offered by the mercury boiler and turbine as 
brought out by Mr. W. L.R. Emmet (see Trans. A. 1. E.E., 1913, 
Vol. XXXII, Part II, p. 2133). These entire units, auxiliaries in- 
cluded, will cost about the same as a gas engine of the same 
rating, and very light efficiencies are covered by the manufac- 
turers’ guarantec. 

In Fig. 16 in the paper, the authors attempt to make a com- 
parison of the various prime movers on the basis of units of 
750-kw. capacity. As the curves in Fig. 16 stand, the invest- 
ment cost for the oil engine is eight times that of the steam 
turbine and that of the gas engine approximately six times 
that of the steam turbine. A little further on in the paper is 
a table giving the total investment cost per kilowatt of stations 
using various forms of prime movers. According to this table 
the cost of an oil engine station is less than twice the cost of 
a steam turbine station, while the cost of a gas engine station 
is only slightly over twice the cost of a steam turbine station. 
There is a very evident discrepancy here. This discrepancy 
is doubtless due to the fact that in Fig. 16 the investment cost 
in the case of the oil engine covers practically a complete gen- 
erating unit, but in the other cases only part of the complete 
generating unit is considered, as the producer in the case of the 
gas engine and the boiler in the case of the turbine are left out 
of consideration. It seems to me that this is a decidedly unfair 
comparison; that the producer in the case of the gas engine and 
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the boiler in the case of the steam turbine are the primary 
generators of power and cannot consistently be left out in 
comparison with oil engines. 

As the high economy of fuel in a steam turbine is largely 
dependent upon a good vacuum and high superheat, in other 
words, is to a considerable degree dependent upon expensive 
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auxiliary equipment, it would seem no more than fair to include 
the auxiliaries. Much has been claimed for the small space 
required for the steam turbine, but in most such comparisons 
no account is taken of the boiler plant. If the boiler plant is 
considered when comparing the Space economy of the steam 
turbine with oil engines for small power stations, the steam 
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turbine does not appear to have much advantage. In view of 
this it seems to me that total station cost is the only fair basis 
for investment cost comparison. 

The table of total investment cost per kilowatt included in 
the paper gives values for a large capacity station, but if we 
add to them the engine cost differences between Figs. 16 and 
17, viz., $10 for oil engines, $8 for gas engines and $7.50 for 
the steam turbine, we have $148 for the gas engine, $130 for 
the oil engine and $72.50 for the steam turbine, which would 
seem to be reasonable for a station using 750-kw. units. On 
the basis of these figures I submit, in Fig. 3 herewith, a revision 
of the curves in Fig. 16. Concerning the lower part of the 
figures, showing the fuel costs, I desire to state that it seemed 
to me that the values given for the steam turbines are rather 
lower than are commonly found for working conditions, so in 
the accompanying curves I have boosted up the values to what 
seem to me to be more reasonably attainable figures with tur- 
bines of such small size. Concerning the oil engine, I find that 
there are several authentic cases where the total operating cost, 
exclusive of attendance, is considerably below that given in 
Fig. 16 for fuel alone, and that there are regions where crude 
oil can be purchased for as low as 2.5 cents per gal. In the curve 
submitted I have used 3 cents per gal. I believe that some of 
the manufacturers of oil engines are willing to guarantee a 
higher thermal efficiency than that given in the paper, but I 
neglected that in the curves. The fuel costs for the gas engine 
I did not find any reason for changing. It seems to me that the 
curves in Fig. 3, at least insofar as they concern the investment 
cost, are a much fairer basis for the comparison of prime movers 
for small plants than the curves submitted by the authors of 
the paper. 

By adding the ordinates for investment cost and fuel cost in 
the curves I have given, it is apparent that there is very little 
difference among the three forms of prime movers. If we con- 
sider even smaller stations, say those with units of about half 
the size of those considered in the curve, the oil engine and 
the gas engine will have a decided advantage over the steam 
turbine. It is worth while to note in the case of the gas engine 
and oil engine that jacket water and water heated by exhaust 
heat economizers can be used for heating and for industrial 
processes where hot water is needed, thus extracting still more 
heat from the fuel without in any way affecting the engine 
efficiency. 

I do not think that any one type of prime mover can be made 
to meet all cases. I believe in selecting the one best adapted 
to the local requirements. 

While there are many central stations of enormous capacity, 
still a very large percentage of power generated, particularly 
in industrial plants, is produced in stations using units of 750 
kw. or less, so it seems to me that the paper under discussion, 
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considering the scope it is intended to have, hardly gives the 
status of prime movers for small stations with the fairness that 
ought to be expected. 

W. S. Gorsuch (by letter): Curves shown in Figs. 16 and 17 
have been criticised as being unfair to the oil and producer or 
natural gas engines. In Fig. 16 the largest oil engine for which 
reliable data could be obtained was taken as the basis, and a 
corresponding size gas engine and steam turbine selected for 
comparative purposes. In fact, the largest oil engine unit in 
successful operation in this country today is less than 500 h.p. 
capacity; therefore, in taking a unit of 750 h.p., the oil engine is 
being favored. 

The object of Fig. 17 is to show the advantage that the steam 
turbine has in being made in large sizes, 20,000 kw. being taken, 
as many such units are in actual operation. To make the 
curves showing investment costs comparable, the cost per kilo- 
watt normal rating was determined on the basis of purchasing 10 
producer gas dnd 40 oil units of the largest sizes in actual oper- 
ation today. The lower curves show the relative economy of 
the individual units and have no reference to plant operation. 

Regarding Mr. Tschentscher’s comments on ‘‘ Space Econ- 
omy,” the figures given on the last page of the paper are the 
average minima and maxima of different sizes of machines in 
actual operation today, excluding the blast furnace gas engine. 

If Mr. Farwell will refer to page 978, under the heading 
“Finance and Economics” he will find it specifically stated that 
the scope of this paper is limited to prime movers; consequently 
the upper curves in Figs. 16 and 17 show the investment costs 
in units per kilowatt-hour output at various percentages of full- 
load rating for prime movers only, that is, the cost of prime 
mover installed, exclusive of foundation. The figures given in 
the table on page 1163 give investment costs of plants using 
various types of prime movers, and include all costs, with the 
exception of real estate. 

The figures and curves submitted by Mr. Farwell are based 
on the assumption that the investment cost per kilowatt in- 
stalled capacity of all the ‘items contained in a small power 
plant, exclusive of the prime mover, will be the same as for a 
station of much larger capacity, which obviously is erroneous. 
The cost of fuel per kilowatt-hour output for the steam turbine, 
as given in Fig. 16, is based on the average efficiency obtained 
from this size machine. 

R. J. S. Pigott (by letter): Replying to Mr. Tschentscher, if 
he will refer to page 1143, under the heading ‘‘ Capacity,” no 
doubt the question in his mind will be removed as to the relative 
overload capacities on gas engines and turbines. While his 
figures in criticism of our costs are somewhat indefinite as a basis 
of analysis, the figures presented in our paper were obtained 
from a number of manufacturers and from purchase prices in 
the hands of a number of buyers. 
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Referring to the statement of Mr. Farwell concerning the loco- 
mobile: This type of prime mover has been installed in this 
country in less than half a dozen small plants, the first early in 
1913. Few or no maintenance data are available, but it is 
certain that with the high superheats employed, the maintenance 
will not be less than with the ordinary reciprocating engine using 
superheat. The inflexibility of a type in which one boiler is 
definitely tied to one engine is a very pronounced objection. 
The very high “ efficiencies ’’ usually quoted, are water rates, 
which naturally, with the high superheat and re-heat employed, 
are low, but low water rate is not necessarily concomitant with 
high efficiency. 

Referring to the Rankine cycle, the performance of locomobiles 
is little better than that of ordinary reciprocating engines. Table 
I, herewith, taken from tests of the first American locomobile, 
published in Power May 20, 1913, shows this. With similar 
superheat and re-heat the turbine would do equally well, and if 
worth while to do it, could readily be arranged in a similar 
manner to the locomobile. 


TABLE I 
Test | Brake Lb. Steam Pressure | Vacuum, | Superheat Therm. | Efficiency 

h.p. b. h. p.-hr. lb. gage. | in. of Hg. effc'y tatio 

3 127 10.82 196.5 21.5 256. 18.7 62.5 

4 148 11.08 206.5 26.62 273. 18.3 60.7 

5 115 10.9 201.5 28.58 227 .6 18.2 55.9 

6 154 11.45 198.5 PX PA, 273.5 WP 6S aoa 

7 192 10,25 204. 27.20 302. 19.4 62.8 
10 ci 14.65 200. 27.75 170.4 14.2 46 5 
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VOLTAGE TESTING OF CABLES 


BY W. I. MIDDLETON AND CHESTER L. DAWES 


ABSTRACT OF PAPER \ 
In this country rubber compound, paper, and cambric are 


generally used for cable insulation. From the formula 
0.868 V ihe. 

S = ——., the stress at any point in a homogeneous 
ad logio a 


insulation may be determined. The minimum stress and 
the maximum allowable voltage occur when the conductor is 
10/27 of the sheath diameter. The present irrational practise 
of testing cables should be standardized to conform to this 
formula or a modification of it. 

Over-stressing of the insulation is accompanied by a change 
of insulation resistance and electrostatic capacity. 

No one factor of safety is applicable to every cablesystem, 
but one must consider the conditions of operation as well. 

In testing the voltage may be applied: (1) by submersion; (2) 
between the conductor and metallic sheath; (3) between wires. 
The submersion test is the most severe. A sine wave is de- 
sirable for testing purposes, but rarely occurs in a commercial 
generator under these severe conditions of load. Reactance 
cannot always be used successfully to reduce the volt-ampere 
load on the generator. 

With a distorted wave an a-c. voltmeter gives only a poor 
indication of the maximum voltage. The writers have de- 
vised an instrument based on the oscillograph principle, with 
which the maximum voltage may be determined, regardless of 


wave form. 

HE design of cables is largely dependent on data obtained 

from voltage tests made on commercial lengths. Such tests 
are usually conducted in the testing-room but are frequently 
made after the cable has been installed. The importance of this 
subject has led the writers to present such data as may seem 
either useful or of interest in connection with the design or test- 
ing of cables, and further, to enumerate some of the difficulties 
encountered in making such voltage tests, together with the 
methods adopted to eliminate these difficulties. 


INSULATING MATERIALS 


In this country, three materials are in general use for the in- 
sulation of wires and cables; rubber compound, varnished cam- 


bric, and paper. 
i er 1185 
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Rubber compound is the oldest, and is the only one that can 
be used under all conditions without the aid of a lead sheath. 
Its composition is more complex than that of the others, involv- 
ing pure rubber, certain mineral ingredients, and hydrocarbons. 
The number of such ingredients and the proportion of each that 
can be used has allowed a great number of compounds to be made 
and has led to considerable discussion as to the value of some of 
these as insulating materials. 

Paper as an insulation for wires and cables is used in two ways: 
wrapped on loosely and kept dry, as in telephone cables, or put 
on tightly and saturated with some good insulating oils or com- 
pound. The insulating properties of this class of cable depend 
absolutely on the soundness of the lead sheath. 

Varnished cambric is the most recent material used for cable 
insulation and stands between rubber and paper; it has a number 
of good qualities. Being a cotton fabric coated on both sides 
with several films of insulating varnish, it is almost waterproof, 
and may be submerged in water for a considerable length of time 
without undue deterioration. In the process of manufacture, the 
varnished cloth is applied spirally in the form of tape, a viscous 
insulating compound being simultaneously applied between 
layers. 

VOLTAGE AND STRESS FoRMULAS 


Theoretically, the stress at any point on a homogeneous 
cylindrical insulation may be determined from the following 


formula: 


‘cod 0.434 V 


Malibaa see (1) 


where V = volts impressed between conductor and sheath, 
= radius of the conductor, 
radius of the insulation, 
distance from the axis to the point in question, 
stress in volts per unit thickness of insulation at this 
point. . 

The stress will be a maximum at the surface of the conductor. 
Therefore letting X = 7, r = d/2, and R = D/2, the stress at 
the surface of the conductor becomes 


near 
ll 


sees eee OreOnE 
d Daa D 
5 logio ad) d logio Ag (2) 


SS 
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where d = diameter of the conductor, 
D = diameter of the insulation. 
This relation is shown in Fig. 1. 
With D and V fixed, the maximum stress at the surface of 


5 ; ; 5 é D 
any insulated wire will be inversely proportional to d logio 7 
It will therefore diminish with an increase in the diameter of the 
conductor, until a minimum is reached, after which the stress 
will increase with further increase of conductor diameter. This 
minimum may be found by differentiating formula (2), and 
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Fic. 1—CuRVE OF STRESS AND CONDUCTOR DIAMETER. 
Voltage (V) constant at 10,000. Diameter over insulation (D) constant at 272 mils. 


equating to zero, and the value of d corresponding thereto is 
found to be D/e = D/2.72 where € is the Napierian base. This 
relation plotted with volts per mil as ordinates and conductor di- 
ameter as abscissas, is shown in Fig. 1. Point A shows the 
point of minimum stress. The wire diameter for minimum 
stress is about 10/27 of the diameter of the insulation. 

If in formula (2), D and the maximum allowable stress S are 
kept constant, and the voltage is allowed to vary with the con- 


ductor diameter, we have 


Sd D 
V= 0.868 logio "i (3) 
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This relation is shown in Fig. 2. Under these conditions the 
maximum voltage that we may impress between the conductor 
and the outside, without exceeding the allowable stress, occurs 
when d = D/2.72. 

This does not mean, however, that if this maximum voltage 
were impressed upon the cable when d is less than D/2.72 the 
insulation would break down, but rather that the wall of insula- 
tion between the diameter D/2.72 and the conductor would be 


200 250 300 350 
CONDUCTOR DIAMETER-MILS 


Fic. 2—RELATION BETWEEN TEST PRESSURE AND CONDUCTOR 
DIAMETER. 
E = K dlog D/d. K = 200. D = 544 mils. Stress constant. 


All wires having the same outside diameter whose conductor diameter is equal to or 
less than D/2.72 ( = dc) should have the same breakdown voltage. 


stressed beyond the allowable limit. The layer nearest the con- 
ductor is under the maximum stress, and the stress in any other 
layer is inversely proportional to its distance from the center if 
the electrical characteristics of the insulation remain unchanged. 
Theoretically, then, all cables having d less than D/2.72 should 
break down at the same voltage, hence follow the line AB Bish 
it be assumed that the voltage drop across the over-stressed 
layer is practically zero. 

Although there has been no evidence, so far as the writers 
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know, that these inside layers are actually broken down under 
these conditions, it is a well-known fact that the dielectric con- 
stant of an over-stressed dielectric is greater than the normal 
constant before breakdown, and this tends to reduce the voltage 
drop across the inner layers and throw more stress on the outer 
wall. Whether or not this be true, experience indicates that the 
breakdown occurs along the line AB, Fig. 2, and little or nothing 
is gained in making d less than D/2.72. 

The following formula has therefore been adopted as most 


TABLE I 


D 
Values of d log ae D and d in mils 


Size Wire B. & S. 


Wall | No. 14 |No. 12] No. 10 |No.8 | No.6 |No. 4 No.1 |4/0 Std} 1,000,600 
(in ) Std. Cir. Mils 


1/32 Loe 20.0 21.3 21.9 22.8 23.9 24.8 25.6 26.2 
3/64 25.2 27.1 28.9 30.7 33.0 33.7 36.0 37.6 38.8 
2/32 30.3 33.0 36.4 38.0 40.5 42.4 46.0 49.4 51.6 


5/64 34.5 38.0 41.1 44.2 47.6 50.4 55.5 59.5 64.0 
3/32 38.4 42.2 46.3 50.4 54.4 58.0 64.5 70.0 75.5 
7/64 41.6 46.0 50.8 55.6 60.0 65.1 73.0 79.6 87-1 


4/32 44.6 49.5 54.9 60.4 65.9 71.0 80.7 89.0 98.4 
9/64 47.2 52.7 58.6 64.8 70.9 76.9 88.1 97.6 108.9 
5/32 49.7 55.5 62.2 69.0 75.6 82.5 95.5 | 107.0 119.2 


6/32 54.0 60.8 68.3 76.3 84.5 92.5) 108.5 | 123.2 141.1 
7/32 57.7 65.3 73.8 82.9 92.2 | 102.0; 121.0 | 138.9 161.2 
8/32 61.0 69.3 78.6 88.8 99.1 | 110.0; 132.0 | 153.0 180.4 


9/32 64.0 72.9 83.0 94.1) 105.3 | 117.3) 141.0 | 165.2 198.8 
10/32 66.3 76.2 87.0 98.9} 111.3 | 124.5) 150.5 | 179.3 217.0 


nearly representing the breakdown stress for small conductors 
with a heavy wall of insulation.* 


0.868 V 
Saat ae Dt (4) 


d; logio ime 


where d,t= D/2.72; 


* Potential Stresses in Dielectrics, by H. S. Osborne, TRANS, A. I. E. E., 


1910, Vol. XXIX, part 2, p. 1553. 
Discussions, by W. I. Middleton, p. 1587; Henry A. Morss, p.1589; 


Wm. A. Del Mar, p. 1614. 
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The maximum voltage that may be safely impressed upon a 
ga ; Beles 2, 
cable of a given insulating material is proportional to d logio rE) 


and to a constant K, depending on the quality of material 
(formula 3). 


Values of d logio = are given in Table I, for walls from 1/32 


in. (0.794 mm.) to 10/32 in. (7.94 mm.) thick on various wires 
from No. 14 B. & §S. to 1,000,000-cir. mil cable, and these 
values are plotted in Fig. 8. These tables and curves are very 


0 8 10 l2 14 16 

WALL OF INSULATION, 64 ¢P {N.(0397mm ) 

Fic. 83—RELATION BETWEEN d LOG, D/d AND WALL oF INSULATION. 
CAND) Sent NEMS 


useful in the application of the formula to cable testing, for the 
value of K only needs to be known to determine the allowable 
voltage test or proper diameter. When d is expressed in mils, 
K varies from 100 to 250 for rubber compounds, is about 250 
for cambric, and for paper with thin walls is much less than 250 
but is greater than this for walls exceeding 10/32 in. (7.95 mm.). 


STANDARDIZATION OF VOLTAGE TESTS 
Until recently no attempt has been made to standardize volt- 
age tests on insulated wire and cables with reference to the theo- 
retical stress. The result isa chaotic condition of affairs. A very 
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common rule has been to specify a test of 2} times the working 
pressure, the feeling being that this allows a good factor of 
safety. This rule might be satisfactory if the wires were all of 
one size and the same wall of insulation used for each working 
pressure. As such is not the case, the only rational way to test 


all cables is by the d logyo 4 rule or a modification of it. 


On October 1, 1905, the Underwriters’ Laboratories specified 
that all Code wires for voltages between 0 and 600 volts should be 
tested after ten hours immersion in water, with 1500 volts (alter- 
nating current) for not less than five seconds. That specifica- 
tion showed the influence exerted on most engineers at that 
time by the factor of 24 times the working pressure. 

A little study of Fig. 3 together with the sizes of wires and walls 
of insulation made under the code specifications shows how 
absurd this test was. The conductors varied from No. 14 to 
1,000,000 cir. mils and larger (0.064 to 1.156 in. or 1.63 mm. | 
to 29.4 mm. in diameter); the wall of insulation from 3/64 in. 
(1.19 mm.) to 7/64 in. (2.78 mm.), (0.469 to 0.109 in.). If the 
3/64 in. (1.19 mm.) wall of insulation on the No. 14 would stand 
1500 volts, it should surely stand much more than this on the 
1,000,000 cir. mil. It would therefore be possible for the 
1,000,000-cir. mil cable to meet this test even were the wall of 
insulation defective or actually less than 3/64 in. (1.19 mm.) 
in places, whereas the main object of the voltage test is to break 
down any such faults. 

The 1911 Code specifications for 0 to 600 volts have, in part, 
remedied this defect by calling for a test of the 1,000,000 cir. mil 
at 3500 volts, but at the higher voltages they still hold to 23 
times the working pressure. The specifications of some of the 
largest buyers in the country today are equally inconsistent. 

This is a lamentable condition. It allows too much variation 
in the dielectric strength of the insulating materials. Some of 
this variation may be due to ignorance, and some may be in- 
tentional. When a cable is tested at only one-half the voltage 
to which it should be subjected, there results in many instances 
a carelessness in its manufacture. The writers believe that too - 
little has thus far been accomplished in the line of the standardi- 
zation of cable testing, when compared with other branches of 
engineering. 

The following tests, in Tables II and III, are recommended 
for high- and medium-voltage cables, respectively. Table IV, on 
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the other hand, is the specification as called for by a purchaser for 
the cables fered in Table III. It will be seen that the testing 
pressure recommended is from 14 to 24 times that called for 
by the purchaser. As far as working pressure is concerned, the 
factor of safety demanded by the purchaser in Table IV is, with- 
out doubt, sufficient. Yet the tests called for by this table would 
not begin to show up any but the most serious defects in the in- 
sulation of the respective cables. 

The *A. R. E. E. committee on ‘“ Wire and Cable Specifica- 
tions ” has taken the most important step thus far in the stand- 
ardization of voltage tests for cables, in its recent recommenda- 
tions for tests on rubber, cambric and paper insulation. 

From. Fig. 3 it will be noted 
that there is but a relatively 
small difference in the values of 


50 


> 
a 


oO 
a 


D ' 
d logio ap for diameters corre- 


sponding to No. 1 and No. 4/0 
B. & S. gage, consequently one 
set of values covering these 
4 } ranges has been recommended, 
% 5 10 15 20 2x and is plotted in Fig. 4. 
THICKNESS OF iNSULATION, 64*D1N,(0.0397 c.m.) . 
Curve I is recommended for 


paper and varnished cambric, 


So 


TEST POTENTIAL+KILOVOLTS 
S) 


—-' NY N Ww 
oa 


a 


Fic. 4—PortTENTIAL TESTS ON CON- 


DUCTORS, RECOMMENDED BY A.R. 
E.E. No.1T0No.4/0A.W.G, Curve II for rubber, and curve 


I. Paper or varnished cambric. 5 [Dp 
Il. Rubber. III is the value of K d logio 7 


III. 155d log-19 D/d for No. 1 A.W.G. 


when K = 155 and d and D 
are given in mils. Up to a 20/64-in. (7.95-mm.) wall the paper 
and cambric are rated at a lower working pressure than the 
rubber, for mechanical reasons, but above this they should test 
even better than the rubber. 


OVER-STRESSING CABLES 


Much has been said in the past relative to unduly severe 
testing conditions in that the insulation, initially sound mechani- 
cally, becomes stressed beyond the electric elastic limit when 
tested. Although the short duration of the test may not develop 
any faults, the cable is nevertheless permanently injured, hence 
less able to withstand the shocks incidental to service conditions. 
This may be the case, but fortunately the insulation resistance 


*Association of Railway Electrical Engineers, 
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TABLE III ¢ 
RECOMMENDED VOLTAGE TESTS FOR LOW-VOLTAGE CABLES. 


INSULATED WITH LOW-TENSION RUBBER COMPOUND. VOLTAGE TEST AT FACTORY, FIVE 
MINUTES AS PER TABLE; VOLTAGE TEST AFTER INSTALLATION, 30 MINUTES AT 50 PER CENT 
OF TABLE VALUE. 


Size conductor Minimum thickness insula- Test pressure, volts. 
tion, inches, 

Stranded 
1,000,000 cir. mils 4/32 10,000 
750,000 ks 4/32 10,000 
500,000 . 4/32 9,000 
350,000 « 4/32 9,000 
4/0 A. W.G. 3/32 7,000 
2/0 « 3/32 6,500 
1/0. « ; 3/32 6,500 
2 = 3/32 6,000 

Solid 
4A. W. G. 3/32 5,500 
6 a 3/32 5,500 
8 : 3/32 5,000 
10 Os 3/32 4,500 
12 . 3/32 4,000 
14 4 5/64 3,500 
14 (3) “ conductor 5/64 3,500 
TABLE IV 


VOLTAGE TESTS AS SPECIFIED BY A PURCHASER. 


TESTS ON CABLES INSULATED WITH LOW-TENSION RUBBER COMPOUND. VOLTAGE TEST AT 
FACTORY, FIVE MINUTES AS PER TABLE; VOLTAGE TEST AFTER INSTALLATION, 30 MINUTES 
AT 50 PER CENT OF TABLE VALUE 


Size Strands. Wall. Volts work- Volts test 
ing pressure pressure 
Stranded 
1,000,000 cir. mils. 61 4/32 1000 4000 
750,000 & 61 4/32 be! 4000 
500,000 ‘ 37 4/32 bs 4000 
350,000 L 37 4/32 = 3000 
4/0 A. W.G. 19 3/32 = 3000 
2/0 19 3/32 3 3000 
1/0 ¢ 19 3/32 . 3000 
2 . 7 3/32 « 3000 
Solid 

4A.WG. 3/32 1000 3000 
6 tg 3/32 . 3000 
8 Gi 3/32 S, 3000 
10 £ 3/32 Gs 3000 
12 « 3/32 . 3000 
14 . 5/64 « 2000 
14 Ss 3-Cond. 5/64 (no belt) £ 2000 
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and the electrostatic capacity enable us to determine the degree 
to which the insulation has been over-stressed. 

Immediately after the stress is applied, the insulation resist- 
ance, measured with direct current, may drop considerably 
below its initial value as obtained a few moments previous to the 
application of voltage. This change may be as great as 50 per 
cent. If further readings of insulation resistance are taken, they 
will show a gradual increase and will approach their initial value 


TABLE V 


WrrES SHOWING RESULTS OF STRESS. 
Megohms in 1000 ft. 


Test Feet Before 2500 5000 After 2 5000 After 2 


No. voltage volts volts hours volts hours 
1 min. 1 min, 5 min. 
1 1562 14,500 14,500 7,500 11,500 
2 1547 22,000 | 22,000 16,000 18.000 
3 3150 7,500 7,500 6,000 7,000 5,000 5,000 
4 1740 15,000 15,000 6,500 10,000 750 2,500 
5 2402 15,000 15,000 7,500 | 10,000 2,500 3,500 
Megohms in 
1000 ft. after 
Break- | repair. 4000 
down volts, one 
voltage min. 
6 3560 4,800 4,620 | 13,000 4,400 
7 1425 3,500 3,440 | 12,000 4,470 
8 2350 9,000 9,015 15,000 8,425 
9 2750 7,660 7,660 | 15,000 9,150 
10 2400 2,950 2,740 7,500 2,810 


if the cable has not been over-stressed, whereas, if it has been 
over-stressed, the resistance recovers but little. Care must be 
taken to keep the temperature constant during these tests, for 
insulation has a very large resistance temperature coefficient, 
Table V shows some typical data taken from tests made on long 
lengths of wire as they were passing through the testing room. 
The insulation resistances in tests (1) and (2) were affected 
considerably after the 5000-volt one-minute test, but practically 
recovered after two hours. It is possible that they would have 
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completely regained their initial resistance if allowed sufficient 
time. 

Tests (3), (4) and (5) were first made under the same conditions 
and, except in the case of (3), the recovery was much poorer than 
in the former cases. They were then subjected to 5000 volts for 
five minutes, witha noticeable reduction in the resistance of (3) 
and a very large and permanent reduction in that of (4) and (5). 
These last two were permanently injured. 

In tests (6) to (10) inclusive, there was no marked decrease in 
resistance after the 5000-volt test, so they were broken down, 
repaired by patching the faults, tested at 4000 volts for one 
minute, and the insulation resistance measured again, with the 
results shown in the table. Tests (7) and (9) gave even better 


TABLE VI 
WIRES SHOWING THE RESULTS OF STRESS. 
Microfarads per 1000 ft. 


Feet Before voltage | After 5000 volts for 
test 1 min. 

3150 0 126 0.130 

2176 0.146 0.150 

2470 0.130 0.134 

2925 0.1380 0.133 

2775 0.120 0.124 


results than the initial resistances, due no doubt to patching a 
localized fault. 


Unfortunately, the electrostatic capacity of these cables was not 


measured after every application of voltage, but Table VI shows | 


in a general way the increase of capacity due to stress in the 
dielectric. For a given stress the change in capacity is much 
smaller than the change in resistance. 

These results show that it is possible to make a rubber com- 
pound which is not easily stressed beyond the electric elastic 
limit, and further, that if a compound is so stressed it is possible 
by means of the insulation resistance to determine if the test has 
been too severe. 

Factor oF SAFETY 

It is not the intention of the writers to tell the operating engi- 
neers what should be the factor of safety ina cable system. Great 
fear has been expressed now and then, that engineers, knowing 


™ 
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that cables will stand these high-voltage tests, will be tempted to 
use them on higher working pressures than they should. In 
this connection it is well to bear in mind that a factor of 24 
times the working pressure is not applicable to all conditions. 

(1) In two systems of the same kilowatt capacity the cables on 
that system having the lower voltage should have the greater factor 
of safety. This is because the surge voltage on the lower-voltage 
system will be greater because of the greater current,and the maxi- 


—— 


mum possible rise in voltage is e=7 a vor where 7 is the amperes 


current transient, and L and C the system inductance and capac- 
ity, expressed in henrys and farads respectively. 

(2) In two systems having the same voltage, those cables operating 
on the system having the greater kilowatt capacity should have the 
greater factor of safety. The reason for this is obvious. As has 
been frequently observed, transients that are practically un- 
important in a small system become dangerous if allowed to take 
place in a large system. . The writers have in mind a case where 
2300-volt distributing cables, when connected to a relatively 
small plant, gave practically no trouble, but later, when this 
smaller system received its energy from a large transmission net- 
work, these same cables, though normally operating at the same 
voltage as before, gave so much trouble that they had to be re- 
placed by cables better suited to the conditions. 


Meruop or TESTING 


The voltage test can be applied to wires and cables in several 
different ways; by submerging the cables in water; testing them 
against a metallic covering on the outside such as a lead sheath or 
tin foil; and testing one wire against another when there is more 
than one wire in the cable. The submersion test is the most 
severe, as the water makes very close contact with the outside 
of the cable, regardless of any surface irregularities that may be 
present. The water also has a tendency to penetrate into any 
foreign substance that may be in the insulating material, provided 
this substance has any affinity for water. 

All of these tests may be, and generally are, made on rubber in- 
sulated cables. The cambric cables to be braided are generally 
submerged before and after braiding; cambric cables to be lead- 
covered are not submerged, as considerable trouble in drying 
them is experienced, and as they are to be tested after the lead 
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covering has been applied, the submersion test is not necessary. 
Paper cables are not submerged, and all tests are made after 
leading. 

The voltage test, as applied to cables, is practically the same 
whether it is made submerged, against the lead, or against the 
contiguous wires, the object being to break down any weakness 
that may exist in the insulation. How much pressure, and for 
how long it shall be applied, are questions that have long been 
the subject of much discussion. 

For several reasons, it is necessary to apply the voltage test 
to the finished cable and not to a short sample. (1) It is desir- 
able to break down any weak places that may occur in the cable, 
it being quite impossible to avoid entirely such places in manu- 
facture; (2) to satisfy inspectors and purchasers that the cable 
meets specifications as regards dielectric. strength; (3) to 
obtain data and information as to the dielectric strength of the 
material; (4) constants obtained in laboratories from tests of 
short lengths are not applicable to commercial lengths and are 
usually misleading. 

TESTING APPARATUS* 


Recommendations have appeared at different times regarding 
the type of generator and transformer that it is advisable to use 
for testing purposes, and the consensus of opinion seems to be 
that a smooth-core generator with field control, and a variable- 
ratio transformer. are most satisfactory. As will be shown later, 
it is doubtful if the generator of ordinary design can maintain 
its wave form under the severe conditions imposed by cable 
testing. 

Where cables of some length are to be tested, a frequency 
of 25 cycles is preferable to one of 60 cycles, for the necessary 
generator and transformer capacities are practically proportional 
to the frequency, and according to the best information the 
writers can obtain there is no appreciable difference in severity 
of cable tests whether made at 25 or 60 cycles. 

In the following.tests, made in the testing laboratory of a wire 
manufacturer, the generator used was a motor-driven 25-kv-a., 
220-volt, four-pole, 25-cycle, single-phase alternator, having 10 
slots per pole, and a conductor belt § the pole pitch. The trans- 
former capacity was 50 kv-a., 220-50,000 volts. The secondary 
consisted of four separate 12,500-volt coils, capable of being con- 


*High-Tension Testing of Insulating Materials, A. B. Hendricks, 
Trans, A. I. E. E., 1911, Vol. XXX, part I, page 167 
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nected either in parallel, in series-parallel, or in series. The high- 
tension winding had a total of 12,512 turns, and the low-tension 
55 turns. The reactance voltage was about 6 per cent. 

Fig. 5 shows the generator voltage on open circuit, and ex- 

cept for the tooth harmonics, the e.m.f. wave is practically 

‘sinusoidal. For testing purposes, this wave is perfectly satis- 
factory if it could be maintained under all load conditions. In 
Fig. 6 is shown the generator voltage wave taken at 220 volts 
when the transformer is connected, and also the exciting current 
wave of the transformer. 

This transformer exciting current is about 17 per cent of the 
rated load current of the transformer, but is 34 per cent of the 
rated load current of the generator. This is rather high, and 
further, Fig. 6 and other experiments showed that the transform- 
er iron was being operated at unusually high saturation. It 
might well be argued that a large transformer magnetizing cur- 
rent is desirable, as it tends to offset the leading component of 
cable charging current, but it should be remembered that beyond 
a certain core density the additional exciting current is made up 
almost entirely of harmonics which do not neutralize the funda- 
mental. Experience has shown this to be undesirable for other 
reasons. Examination of the current wave in Fig. 6 shows that 
the transformer takes a pronounced third harmonic current, and 
this current reacting on the generator flux tends to start wave 
distortion, producing a third harmonic in the e.m.f. wave as 
shown. If a cable, like most other electrical apparatus, took a 
comparatively small charging current, most of the following 
difficulties, due to wave distortion, would disappear. 

Figs. 7, 8 and 9 show various voltage waves actually obtained 
under different conditions of test. The voltages on the cables, 
given in connection with all the following oscillograms, are ac- 
cording to the ratio of transformation, hence, are not strictly 
correct. In actual practise this voltage is determined directly 
from the high-tension side by means of a potential transformer. 

The reasons for this distortion are obvious. The generator 
may have, inherently, a sine wave voltage, but the transformer 
exciting current has a prominent third harmonic. This current 
and the single-phase pulsating armature reaction produced on the 
flux wave, will usually introduce harmonics in the voltage wave as 
shown in Fig. 6. This wave is communicated to the transformer 
secondary where the cable intensifies it in its charging current, 
and it is reflected back in the generator current, and increased 
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wave distortion results. These reactions are cumulative and 
will continue to increase until counter-reactions set up in the 
magnetic and electric circuits become sufficiently great to balance 
them. Generator saturation, generator and transformer series 
leakage reactance and the phase relations of the harmonics may 
tend to counteract distortion. The value of series reactance may 
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be such as to produce resonance for one harmonic and not the 
others. 

The generator may be represented by a coil that is a source 
of voltage and having reactance and resistance; the transformer 
may be replaced by a shunt impedance, of a value equal to the 
open-circuit impedance of the transformer, and by two series 
impedances, one representing the equivalent resistance and leak- 
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age reactance of the primary side, and the other the impedance 
of the secondary reduced to the primary side; the cable represents 
a condenser referred to the primary side and having a very high 
effective resistance. Fig. 11 shows this condition. 

The shunt impedance bd has a decided effect on the generator 
wave form, in that its current wave, especially at the higher volt- 
ages, is mostly made up of harmonics, and these, reacting on the 
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generator flux, are responsible for the initial distortion to which 
reference has been already made. The series circuit a Bc d é, 
consisting of the transformer primary and secondary resistances 
and leakage reactances and the condenser, all in series with the 
generator armature, exerts some influence on the generator wave 
form. The magnitude and shape of the generator current wave 
may be dependent on the relation of inductance to capacity in 
this circuit. Therefore, harmonics may be intensified or di- 
minished, depending on their frequency, on the transfor- 
mer inductance and the cable capacity. These effects are 
illustrated in Figs. 12 to 15 inclusive. 

The oscillograms shown in Figs. 12 and 13 were taken whena 
cable having a capacity of 0.1 microfarad was connected to the 
transformer secondary, and those shown in Figs. 14 and 15 were 
taken with another cable having a capacity of 0.13 microfarad, 
connected to the transformer secondary. Two tests were made 
with each cable; one in which all four of the transformer second- 
ary coils were connected in series (50,000-volt) connection, the 
other in which the, series-parallel (25,000-volt) connection was 
used. In order to compensate for the change in transformer 
ratio so that the effective voltage on the cable should remain 
approximately unchanged, the generator voltage was practically 
doubled when the change was made from the 50,000-volt to the 
25,000-volt connection. 

Figs. 12 and 14 show the results obtained with the 50,000-volt 
connection, and in each case the e.m.f. wave is very nearly sin- 
usoidal, and no appreciable harmonics above the third, appear in 
the current wave. In each of these cases the generator was opera- 
ted at low saturation, a condition in which it would be less able 
successfully to oppose severe reactions on the flux wave. The 
natural frequency of the transformer and cable circuit in the case 
of Fig. 12 is 110 cycles, and of Fig. 14, 96.6 cycles. The shunt 
circuit b d, owing to the variable nature of its inductance, would 
be difficult to take into consideration, except in a very general 
way, and was consequently neglected in this frequency deter- 
mination. 

In Figs. 13 and 15, the approximate sinusoidal e.m.f. waves 
shown in Figs. 12 and 14 are distorted, containing fair-size fifth 
harmonics, and third harmonics about 50 per cent of the funda- 
mental. In each case the current wave is even more distorted 
than the e.m.f. wave, showing a seventh harmonic, a fifth equal 
in magnitude to the fundamental and a thirdabout twice as 
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great as the fundamental. In these cases, the natural frequency 
of the circuit was 215 and 192 cycles respectively. 

Thus in each case, with the same generator, the same trans- 
former, the same frequency and the same cable, an approximate 
sine wave is converted into a complex wave bysimply changing the 
transformer ratio and the generator voltage. These phenomena 
cannot be explained on the basis of a resonant series circuit, for 
the best wave shapes were obtained when the circuit constants 
were more conducive to the flow of the troublesome third and 
fifth harmonics. However, in these two latter cases the trans- 
former exciting current contains harmonics of very appreciable 
magnitude as shown in Fig. 6, and in the writers’ opinion, these 
harmonics are practically responsible for the results that were 
obtained. 

It might also be added, referring to Fig. 11, that in the circuit 
a bc d, the resistance is very small, thus offering excellent op- 
portunities for oscillations to take place during the transient or 
building-up condition. Great care must be exercised in raising 
and lowering the voltage, as the possibility of building up an 
abnormal potential across the cable is always present, and this 
may result in a puncture. 

Specific illustrations of this have come to the writers’ attention 
on several occasions. When the voltage across a cable was being 
gradually raised, the spark-gap, connected in parallel, would dis- 
charge light sparks, momentarily, when the switchboard volt- 
meter indicated that the potential across the gap was only half 
that at which the gap was set. If the voltage was held constant 
for an instant, the sparking would discontinue, and the voltage 
could then be raised cautiously without further disturbance. 
The fact that the gap was not ruptured showed that a transient 
rise of voltage occurred, but that there was insufficient energy 
to cause a dynamic arc. 


UsrE OF REACTANCE 


It occurred to the writers that the generator current might be 
considerably reduced by using a shunt reactance to neutralize 
the leading component of the cable-charging current, thus secur- 
ing a better wave form by reducing the ampere load on the genera- 
tor. This has been tried abroad* and also by the Edison Electric 
Nluminating Co. of Boston. t 


* Blectrotechnischer Zeitschrift, Feb. 27, 1908. 


t'‘ High-Potential Cable Testing at Boston,” by C. L. Kasson, Elec- 


trical World, Vol. 60, p. 354. 
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We made nine tests, and in every case the same cable was used, 
namely 1000 ft. (805 m.) No. 1/0, 7/32 in. (5 56 mm. ) wall, rubber 
insulation, having a capacity of 0.175 microfarad. Three different 
tests were made at each of three different voltages. At each volt- 
age: first ,the oscillogram was taken without the reactance; second, 
the reactance was adjusted until the line current was a minimum; 
and third, the reactance was adjusted for the best voltage wave 
form. The results of these tests are shown in Figs. 16a to 18c.- 
inclusive. 

The following conclusions are to be drawn from the above 
tests: 

(1) The point of minimum current does not necessarily corres- 
pond to the best wave shape. 

(2) The best wave shape may occur at an abnormally large 
value of lagging current. 

(3) The wave can not be made sinusoidal in every case. 

(4) At the point of minimum current (usually denoting re- 
sonance for a parallel circuit) the power factor is below 50 per 
cent in two cases, and 70 per cent in the third, and the waves 
are not necessarily in phase. 

Further, in Figs. 18a, 188 and 18c, when the generator volt- 
age was low, there was but slight distortion in the e.m.f. wave, 
which tends to confirm the previous theories as to the effect of the 
transformer exciting current on the e.m.f. wave. 

Thus with a commercial generator and transformer, the e.m.f. 
wave, by the use of reactance, could not always be made sinu- 
soidal, and when this was accomplished, it was at the expense 
of greater generator capacity. This is undoubtedly due to the 
fact that a circuit can be tuned to but one frequency at a time, 
and when the third harmonic current was neutralized, the react- 
ance allowed a very large fundamental to pass. The power 
factor is explained by the fact that the harmonic currents in 
cable tests predominate in the current wave, whereas the voltage 
is largely fundamental. The harmonics in the current wave 
contribute no power with respect to the fundamental voltage, 
yet all add up in quadrature, contributing to the volt-amperes. 

These results show that in our particular case, at least, a shunt 
reactance would be of but very little value in improving the gener- 
ator wave form, and reducing the volt-ampere load of the genera- 


TO 
SINE-WAVE GENERATOR 


As aresult of our tests, the wire manufacturer came to the con- 
clusion that a generator of the ordinary design was wholly un- 
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suited for reliable testing of wires and cables. Moreover, no 
manufacturer would guarantee a generator to produce an approxi- 
mate sine wave under these severe conditions of test. The ser- 
vices of Prof. C. A. Adams of Harvard University were secured, 
and under his specifications such a generator was built and in- 
stalled, rated at 85 kv-a. All oscillograph records, taken up 
to the present time and under various conditions of test, have 
failed to show any departure from a sine wave. 

The 50-kv-a. transformer has been replaced by one rated at 
75 kv-a., 75,000 volts, operating at a much lower core-density 
than the former, and taking a much less distorted exciting cur- 
rent. Hence the distorting influence of this current on the genera- 
tor wave is much less than it was in the case of the 50-kv-a. 
transformer. 

MetuHop oF MEASURING VOLTAGE 


It is essential to obtain reliable knowledge of the maximum 
voltage to which the cable may be stressed under the preceding 
conditions of distorted wave form, if the tests are to be of any 
great value. Where the wave varies from a peaked to a flat- 
topped wave, the effective value is only a poor indication of what 
the maximum voltage may be. The circuit conditions are a 
function of so many variables that only a wide experience with 
his apparatus enables an operator to know what wave form may 
be expected under any given set of conditions. 

The spark gap immediately suggests itself, as a means of 
determining these peak values. Although the needle gap is 
not conceded to be a device of high accuracy, it is accurate 
enough for the work in hand. There are objections to its use, 
however. The voltage can only be determined by connecting the 
gap in parallel with the cable to be tested, and noting the trans- 
former primary voltage when the gap breaks down at the prede- 
termined value at which it is set. Thisis a very dangerous practise, 
as a disturbance is created in the highly oscillatory circuit already 
described, and cables have often been known to puncture at a 
voltage apparently much less than their rating, and after the gap 
had actually broken down. The spark gap can therefore be 
used only with considerable care, and the danger of a surge is 
always present. Furthermore, it is not a piece of apparatus that 
is easily or quickly manipulated, and is wholly unsuited for a 
testing room where a large number of tests must be sieges oe 
in a short time. 

The oscillograph in its ordinary form is a very satisfactory 
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piece of apparatus for experimental work, but it requires consider- 
able attention, is clumsy to handle, requires skill to manipulate, 
and it does not hold its calibration for any considerable time. 
Prof. F. A. Laws of the Massachusetts Institute of Technology, 
and the writers, have, however, adapted the oscillograph principle 
to aninstrument which may be placed directly on the switch- 
board, and from which the peak value of any voltage wave may be 
quickly and accurately determined. A sectional view of this 
instrument is shown in Fig. 19, and is almost self-explanatory. 
The lamp, having a straight tungsten filament, is mounted so 
that its distance from the vibrator may be adjusted to suit the 
optical requirements of the system. The light then passes through 
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Fic. 19—SECTIONAL VIEW OF SIMPLEX VIBRATING VOLTMETER 


suitable spherical lenses to the vibrator, from which it, is reflected 
through a cylindrical lens to the ground glass screen, where 
the peak of the voltage wave may be determined from the ex- 
tremity of the band of light. 

The necessary vertical and horizontal adjustment of the beam 
of light can be made from the front of the switchboard by means 
of two milled heads which actuate the two adjusting rods. To 
compensate for changes in the amplitude of vibration due to 
variations of temperature and other causes, an adjustable 
rheostat is connected in series with the vibrator, and by throwing 
the vibrator circuit on direct current, with a double-throw switch, 
the calibration can be quickly and accurately made. A double 
scale is also provided. The magnets are operated at high satura- 
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tion, so that fluctuations in exciting current affect the instrument 
but slightly. The instrument as used, is connected to the sec- 
ondary of a potential transformer, whose primary is connected 
directly to the high-tension circuit. Other views of the instru- 
ment are.shown in Figs. 20 and 21. 

To the manufacturer the importance of this type of instru- 
ment is evident. He is aware of the maximum stress at which 
his cables are being tested at all times, regardless of generator 
and transformer wave-form. No additional factor of safety is 
necessary in the cable due to uncertainty on this point. Further- 
more, purchasers and inspectors can be quickly and convinc- 
ingly shown that their cables are being tested at the specified 
voltage, without employing a troublesome oscillograph or a 
spark-gap, and without exposing the cable to the dangers accom- 
panying the use of this latter device. 

This instrument is not. only useful for cable-testing, but can 
be employed to advantage where apparatus other than cables 
must undergo potential tests. The e.m.f. waves of all testing- 
generators are not sinusoidal, even at light loads, and their 
wave-form may change with the field excitation. 

When the e.m:f. is taken directly from a commercial circuit 
supplying other loads, this voltage wave may vary with the load 
and the number of generators on the system, as well as through 
the compensators and other control devices employed. 

This voltmeter is also capable of indicating slow-period tran- 
sients which the ordinary type of meter, owing to its inertia, can- 
not follow. Instances of this have come to the writers’ attention 
in the cases already cited, when the voltage was being raised on 
a cable. In a certain power system, it was found necessary to 
change the lightning arresters from 2300 to 3300 volts owing 
to the fact that continual discharges were taking place due to a 
considerable length of submarine cable having been added to the 
system. Whether this was due to a change in wave-form or to 
surges, the writers are not prepared to say, but such an instru- 
ment would have quickly given the required information. 

In closing the writers wish to express their thanks to Prof. 
F. A. Laws, of the Massachusetts Institute of Technology, for 
his part in the development of this instrument; to Mr. W. G. 
Wolfe, of Boston, for his assistance in developing the optical 
system; to Professors C. A. Adams, H. E. Clifford, and A. E. 
Kennelly of Harvard University, for their helpful suggestions 
and criticisms during the preparation of this paper, 
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Discussion on ‘‘ VoLTAGE TESTING OF CABLES” (MIDDLETON 
AND Dawes), Detroit, Micu., June 25, 1914. 


W. A. Del Mar: The factor of safety of an insulated wire 
or cable, being the ratio of the breakdown voltage to the normal 
operating voltage, cannot be determined experimentally without 
testing the insulation to destruction. It can, therefore, never 
be definitely known in practise, although susceptible of approxi- 
mate predetermination in the absence of faults, by calculation 
based upon tests. If, however, we define the factor of assurance* 
of an insulated wire or cable as the ratio of the test voltage to 
the normal operating voltage, we can provide an experimental 
basis for the comparison of voltage tests. Thus, if a cable for 
operation at 11,000 volts is tested at 25,000 volts, we have a 
factor of assurance of 2.27. If the breakdown voltage is 75,000 
volts, the factor of safety is 6.82, and the ratio between the 
safety factor and the factor of assurance is 3.0. 

Two principles are now contending for recognition in the 
standardization of voltage tests. One is that insulated wires 
and cables should be tested to give a fixed factor of assurance, 
and the other that they should be tested to as high a voltage 
as they will stand without injury to any part of the insulation 
which may be free from defects. The latter principle is equiva- 
lent to a fixed and small ratio between the factor of safety and 
the factor of assurance. 

Mr. Middleton recommends the latter principle, and I believe 
that he is right for the following reason: If a defect exists in 
the insulation of a wire or cable it may not be revealed by a 
test voltage two or three times the working voltage, but may 
cause a breakdown in service after the cable has been subjected 
to the strains of installation and operation. Hence a test which 
provides an apparently ample factor of assurance may not be 
sufficiently severe to assure the greatest reliability of operation. 
If, on the other hand, the breakdown voltage is calculated from 
the known dielectric strength of the insulation, a test voltage 
can also be calculated which will eliminate defects without in- 
juring those parts of the insulation which are free from defects. 

At high voltages, these two principles lead to the same results, 
as the thickness of insulation is usually proportioned to give a 
reasonable factor of assurance. 

Working on the principle outlined above, the Wire and Cable 
Committee of the Association of Railway Electrical Engineers 
arrived at the following test voltages, which are somewhat 
lower than those given by Mr. Middleton. These test voltages 
are given in Tables I and II and Fig. 1, herewith. The dif- 
ference may be partly due to the fact that most of the manu- 
facturers have testing generators with less perfect characteristics 
than the one described in the paper under discussion. 


*Proposed by Mr. F. J. White and incorporated in Standardization 
Rules of A. I. E. E., 1914. 
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The voltages in Table I were calculated by a formula similar 
to Mr. Middleton’s except that the effective thickness of insula- 
tion was assumed to be slightly less than the nominal thickness, 
due to irregularities in manufacture and installation. An 
example of the former type of irregularity is the eccentricity of 
the insulation with respect to the wire, and of the latter, the 
reduction of insulation thickness on the outside of bends. 


TABLE I. 
Test VOLTAGES, Ki1Lovo.ts 
Five-MINuTE TEstTs 


30 per cent Hevea Rubber Compound—Use 100 percent of following voltages. Varnished 
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(For intermediate sizes use the voltages corresponding to the next larger size, having 
the same thickness of insulation.) 
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Thickness of Insulation, 64ths Inch. 
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While the logarithmic formula is useful in calculating the test 
voltage for a given size of conductor and thickness of insulation, 
it is dangerous for calculating the thickness of insulation fcr a 
given working voltage, as mechanical considerations generally 
dictate the use of more insulation at low voltages than is indi- 
cated by considerations of dielectric stresses. The requirements 
of the National Electrical Code for wire insulated for 0 to 600 
volts represent the results of experience as to the minimum thick- 
ness of insulation which has been found necessary in practise. 
The thickness should seldom be less than required by the Code 
and should sometimes be more, regardless of voltage. 

It should be noted that the formulas given in this paper do 
not take into account the difference in dielectric stress due to 
the size of strands in the cable. This has been treated by Prof. 
Levi-Civita in a paper by E. Jona in the Transactions of the 
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International Electrical Congress, 1904. It would be interesting 
to hear whether Mr. Middleton’s experiments agree with Prof. 
Levi-Civita’s calculations. 

I regard the paper by Messrs. Middleton and Dawes as one 
of the most important that has ever appeared on this important 
subject and believe that it will exert a strong influence in the 
rational standardization of voltage tests of wires and cables. 

C. O. Mailloux: On the second page the authors speak of 
paper as an insulation for wires and cables. There is a third 
method of making high-tension cables, which consists in wrap- 
ping the conductor with a previously prepared paper. The 
paper, which is first treated with an insulating compound, is 
wrapped into rolls; and then the conductor strand from which 
the cable is to be made is wrapped around with this treated 
paper to the proper thickness, after which the cable covering 
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is placed on the whole. The cable is then submitted at once 
to the proper test. The process is shorter and simpler, and less 
expensive than the other processes of preparing the cables with 
dry paper, subjecting them to a vacuum, and then treating them 
with compound. There is an English firm which makes high- 
tension cables according to that process. I understand they 
have given satisfactory results, though I am not informed as 
to the comparative results. It would seem that if the method 
lends itself to the preparation of insulated cables for high ten- 
sions, and if such cables can withstand high tensions, the process 
would have some advantages: One could make sure more easily 
that every portion of the insulating material would be properly 
treated with the compound, and also that all of the defective 
parts of the insulating paper were eliminated or removed. On 
the other hand, there is the difficulty resulting from the possi- 
bility of entrained moisture at the time of laying the insulating 
paper around the conductor. It would seem very difficult, in 
an ordinary atmosphere, to keep out dust and also moisture, 
so that, as the insulated paper is wrapped around the conductor, 
one might easily understand that there would be air bubbles, 
particles of dust, and particles of moisture imprisoned in the 
cable, whereby the quality and the durability of the insulation 
would be impaired. 

Henry G. Stott: I was about to call attention to the point 
that Mr. Del Mar brought up in his discussion, which is that 
it may be open to inference from the statement here that if 
there is a large diameter, it would be feasible to reduce the 
thickness of the insulation. I do not think the authors desire 
to convey that idea, but it may be drawn as an inference from 
this paper that it could be done. From a purely electrical 
standpoint it could, but from a mechanical standpoint we must 
have heavier insulation with a large conductor than with a small 
conductor. That should be emphasized, as some might take 
advantage of the curve to say that they could reduce the insula- 
tion on 500,000-cir. mil cable, but if they did so, they would 
get into trouble later on. 

On page 1193, at the bottom of the page, is a paragraph on 
over-stressing cables. That is a point we have heard a great 
deal about in the last fifteen or twenty years. We have had 
in use now several hundred miles of cable over 15 years. These 
are all high-tension cables, and they are put under tests at 
2.5 times working potential once a year. There is not the 
slightest sign of deterioration in the cable, after fifteen years’ 
use. In fact, some of these cables were originally designed for 
use on 6600 volts, and are now being used on 11,000 volts, and 
in spite of this we have had this 2.5 times pressure test on them 
Once every year, and many of them have had it as many as eight 
or ten times a year, due to cable changes, etc. Each time the 
cable is cut for any purpose, it receives the breakdown test, and 
once a year on general principles it receives a breakdown test. 
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We should prefer to have the cable break down on test, rather 
than in practical operation. While theoretically there may 
be some result of over-stressing of cables, yet practically, based 
on fifteen years’ experience, with many hundreds of miles of 
cables, we have not yet found that to be so. 

E. E. F. Creighton: I should like to ask Mr. Middleton 
something of the theories—he said there were many—to explain 
why a short piece of cable will stand so much more potential 
than a longer piece. 

Charles L. Fortescue: I want to call attention to the very 
common mistake in attributing the third harmonic distortion 
of the transformer to the hysteresis. The distortion in the 
transformer is directly due to the cyclic variation in permeance, 
a small part of which is caused by hysteresis. | Hysteresis pro- 
duces no distortion. 

In connection with the proposed method of measuring maxi- 
mum voltage of high potential, Mr. Chubb and I at last year’s 
mid-winter convention described a method of measuring the 
maximum value of the wave on the high-tension side, using a 
condenser. The average value of the charging current of the 
condenser across which high voltage is impressed is directly 
proportional to the product of the maximum voltage and the 
frequency of the impressed wave. This is a very simple way of 
measuring the maximum value, and it is quite reliable. I do 
not think a method of measuring the maximum value of the 
wave which requires a voltage transformer is reliable. The 
fact that a sine wave generator is used does not prevent third- 
harmonic distortion in the step-down transformer itself, which, 
due to its distributed capacity and inductance, may be quite 
large. 

The third-harmonic distortion due to the step-up transformer 
will also be enhanced when transformed by the step-down 
transformer, so that as a means of measuring the maximum 
of the secondary veltage of the step-up transformer the pro- 
posed method will not lead to correct values. It is better to 
measure the maximum value directly by the method we have 
described or else by some modification, such as that described 
by Dr. Whitehead in his paper presented yesterday (The Electric 
Strength of Air—V). 

Some question has been raised as to why long cables break 
down on test more easily than short cables. I think this is 
due to the combined effect of the distributed capacity and self- 
induction of the cable. When the voltage is supplied to the end 
of the cable, which is usually coiled on a spool, the actual aver- 
age voltage in the cable, in the case of a long cable, is much 
higher than the voltage at the end, due to the effect of distrib- 
uted capacity and inductance. It may, in long cables, be 
15 or 20 per cent higher at the end of the cable than at the point 
where the voltage is applied. I fhink this may possibly be 
the reason why a long cable breaks down more easily than a 


short cable. 
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Percy H. Thomas: I will ask Mr. Middleton a question. 
He has discussed the effect of the third and other harmonics 
on the maximum voltage which may be impressed on a cable. 
It occurs to me that there is another effect of the high frequency 
which may possibly be important, and that is its heating effect. 
The insulation of an underground cable is stressed severely. 
The alternating electric stress causes a certain amount of heat- 
ing within the material. That heating at 60 cycles, we will 
say, is almost negligible. At 180 cycles, or 200 or 300 cycles, 
that heating may be very important. A third harmonic, or 
fifth harmonic, so located with tegard to the fundamental as 
to reduce the voltage peak, might develop heat enough within 
the dielectric, especially at any peak point, to raise the tem- 
perature to the puncturing point. I would like to know if any- 
thing has been done along that line of investigation. 

The other question is about the puzzling fact that a long cable 
apparently breaks down at a lower voltage than a short cable. 
I would like to see two tests made, one with an outfit such as 
described by Mr. Middleton, comparing a long length with a 
short length cable, and a second test comparing a long length 
with a short length of cable, made according to Mr. Stott’s gener- 
ator method. Tested by the former method, you might find a 
marked difference between the voltage of failure in the short 
and long length of cable. Tested by the large generator, on 
the other hand, you might find there was not so much difference. 
This matter of the distortion of the wave by the large charging 
current of the iong cable with the possible introduction or 
magnification of the high-frequency harmonics, may mean that 
there is produced a high-frequency effect in the test of the long 
cable, which does not exist with the short cable. 

J. R. Craighead: In respect to obtaining a voltage supply, 
a generator which gives a sine wave is the most satisfactory, 
provided it will maintain the sine wave under testing conditions, 
but as the author states, those generators are rather rare, espec- 
ially when loaded on a capacity load of pretty near their limit. 

There is an alternative way which consists in using any 
ordinary line potential of a normal commercial wave form, and 
with a sufficient power, so that the capacity effect on the line 
wave is absolutely negligible. If this is taken through a trans- 
forming outfit of considerable reactance, it is not difficult to 
obtain a wave which more closely approaches a sine than the 
line wave itself. This was tried out to some extent in the high- 
potential testing of large turbine generators, obtaining by the 
oscillograph the wave forms on the high- and low-tension sides 
of the step-up transformer, and also the line wave, back of the 
regulating apparatus. For most large capacities it is not very 
difficult to get the correct amount of reactance so that the 
wave form across the machine under test is satisfactory. 

In regard to the voltmeter described, the use of the oscillo- 
graph for this purpose was described and the suggestion of an 
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elementary oscillograph-voltmeter was made in a paper by Mr. 
L. T. Robinson and Mr. J. D. Ball presented two years ago at 
the Boston convention, entitled Permeability Measurements 
ne hcg as Current. (Trans. A.I.E.E., 1912, Vol. XXXI, 
De : : 

W. I. Middleton: The point brought up by Mr. Stott and 
Mr. Del Mar is very well taken. We should possibly have 
mentioned the fact that we could not depart from the Under- 
writers’ specification. We realize that the heavy conductor 
does require a thicker wall of insulation for mechanical purposes, 
and that we did not mention this specifically, was an oversight 
on our part. 

In regard to the long and short lengths of cable, and the 
difference in their ability to withstand voltage strain and test, 
I too am looking for information. We had an interesting paper 
in New York last winter on the testing of cambric insulation 
with different size electrodes, and I must say that Mr. Farmer’s 
experience with electrodes bears out my experience with the long 
and short lengths of cable. Further, some time ago there was 
a paper written, I think by Mr. Moody, on some corona tests, 
and it was then found that, with a short length of bare wire, 
corona started at a much higher voltage than it did with a long 
length. So apparently the same phenomenon occurs here as 
in other insulating materials, which, to my belief, breaks down 
the law of probability. 

Mr. Thomas spoke about the long and short lengths of cable 
and also mentioned the effect of heating. We have tried to be 
very careful about this matter of heating, and so have recom- 
mended short period testing. Many tests require only one 
minute. We usually ask for five-minute tests, as we believe 
that this eliminates the question of heat. Then, again, these 
cables are generally submerged in water when they are under 
test, and the question of heating, under those circumstances, 
I believe, is almost entirely eliminated. 

When a Jong time test is attempted a multitude of different 
factors are encountered, and the effect of ozone generated at 
the ends of the cable, which attacks the rubber insulation, gives 
rise to a lot of theories regarding the piling up of voltage on 
the ends of the cable, etc. We have tried to eliminate these 
factors in our regular practise, realizing that we are obliged to 
make many tests in the course of the day, and all of this work is 
carried out on commercial lengths of cable, as they pass through 
the test room of the factory. 

Chester L. Dawes: In regard to Mr. Stott’s remark as to 
the application of this formula to the calculation of the wall 
of the insulation, mechanical as well as electrical considerations 
must necessarily be taken into account. When the cable is 
once designed, the wall being of the proper thickness to take 
care of the mechanical and electrical stresses to which it will 
be subjected in service, the test voltage should be determined 
by this formula or one that is its equivalent, in order to be cer- 
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tain of breaking down any defects which may exist in the insula- 
tion. 

As to Mr. Fortescue’s remarks, I agree with him that the third 
harmonic is also due to changing permeability, but hysteresis 
necessarily represents changing permeability. If the iron 
could operate without hysteresis, the third harmonic mi ght yet 
be present, of course. 

The method which he suggests for measuring the peak voltage 
I admit is correct, but it must be remembered that a device to 
be used in the test room should be direct-reading and capable 
of being used and used rapidly by a testing room employee. 

Referring to the distortion of the voltage wave through the 
potential transformer, we took one oscillogram on the primary 
of the step-up transformer, and another one on the secondary 
of the potential transformer, thus stepping-up and stepping- 
down, and we could discern no difference in the oscillograms. 
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We had a very distorted wave under these conditions. Fre- 
quently we have looked into the oscillograph, without taking 
records, and have never been able to discover any difference 
between the wave form on the primary and that taken from the 
potential transformer secondary. 

To have the voltage pile up in a Jong length of cable, induct- 
ance must be present. When the cable is installed, the induct- 
ance is very small, and, therefore, the probability of the volt- 
age piling up is very slight. 

_In regard to Mr. Craighead’s suggestion as to obtaining a 
sine wave with reactance, I assume that he means connecting 
the reactance in series with the transformer primary. This 
method could not be used in the test room, because it is too 
unstable a combination; and the operator would not readily 
understand how to adjust for a sine wave under each set of 
conditions. Further, resonance difficulties would be experi- 
enced, that is, the circuit might become sharply tuned, and a 
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high voltage might suddenly pile up on the cable. As I have 
just stated, it is necessary to have a method of measuring the 
peak voltage which the ordinary switchboard operator can 
understand and easily manipulate. 

As to the voltmeter, I may add that a general idea of the 
wave form is obtained by observing the band of light. For in- 
stance, with a wave of the type shown in Fig. 2 (many of this 
type are shown in the oscillograms) the light on the scale will 
have the’ general appearance shown in Fig. 8. The light at 
the points corresponding to the lower peak and to the depression 
will be more intense than it is at other parts of the scale. In 
the same way, a flat-topped wave shows a much more intense 
light at the end of the scale than a peaked wave does. Similarly 
the tooth ripples are readily discerned. 


Presented at the 31st Annual Convention of 
the American Institute of Electrical Engineers, 
Detroit, Mich., June 26, 1914, under the aus- 
pices of the Electrochemical Committee. 
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STERILIZATION OF WATER BY ULTRA-VIOLET RAYS 
OF THE MERCURY-VAPOR QUARTZ LAMP 


BY M. von RECKLINGHAUSEN 


ABSTRACT OF PAPER 


Mercury-vapor quartz lamps are applied industrially for the 
production of ultra-violet rays for the sterilization of water. 

To obtain ultra-violet rays economically it is important to 
study the temperature of the luminous part of the lamp. 

There are different ways for measuring the ultra-violet power, 
based on physical, chemical or bacteriological reactions. Such 
reactions are compared between them. 

The paper refers to the historical development of mercury 
lamp water sterilizers and the development of pistol lamps for 
large sterilizing units. 

Different germs are of different sensitivity to ultra-violet light. 

It is important that the water should be clear when entering 
the sterilizer. 

Description is given of two typical installations, one in Europe, 


onein America. 
Data are given on the power consumption for the sterilization 


of water by ultra-violet rays. 


ITHIN the last five years a new field for the application of 

electricity has been created in Europe based upon the elec- 
trical production of ultra-violet light for the sterilization of water 
and for other purposes. As this new industry is now being in- 
troduced into this country, it is of interest at this time to analyze 
its basis and principles. 

The experimental and development work in this field has been 
done mainly in France, and prominently identified with it are 
the names of Courmont, Nogier, Henri, Helbronner, von Reck- 
linghausen, Vallet and others. This paper deals particularly 
with the work done by the writer in collaboration with Messrs. 
Henri and Helbronner at the Physiological Laboratory of the 


Sorbonne University. 


Tue Source oF ULTRA-VIOLET LIGHT 
The only industrially-applied source of ultra-violet light is 
the mercury-vapor quartz lamp. The spectrum is known by its 
bright lines in the visible part and by a large number of typical 
1217 
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lines in the ultra-violet part, as shown in Fig. 1, which is drawn 
to proportional scale. 

When starting this work we soon found that we had to go pretty 
fully into the question of the measure of the ultra-violet power 
of the different light sources at our disposal, so as to give the 
mercury quartz lamps the electrical characteristics which made 
them most useful for the creation of ultra-violet light. Itis a well- 
known fact that the skin takes a less ghastly hue under the 
quartz mercury lamp than under the ordinary mercury-vapor 
lamp. Spectroscopic examination shows that this is due to 
a considerable increase of the intensity of the red lines in the spec- 
trum of the quartz lamp. This phenomenon was examined 
somewhat more closely, with the following results: 

An ordinary 110-volt lamp was taken, which normally operates 
at 3.5 amperes and 80 volts; it was operated at different wattages, 
obtaining thereby, naturally, different temperatures of the 
mercury arc. A spectro-photometric analysis was made of the 
five principal colors, composing the visible light of these lamps. 
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Assuming the intensity of each color at the lowest wattage as 
unity, we note that increasing the wattage of the lamp tends 
to increase the red more than the other colors, as is shown in the 
curve, Fig. 2. It might therefore be expected that the increase 
of the ultra-violet rays with increasing temperature of the 
lamp, would be somewhat like the increase at the violet end of 
the spectrum, that is to Say, proportionately less than at the 
tredend. As will be seen from what follows, this is not the case, 
There is obtained, on the contrary, a considerably greater in- 
crease in ultra-violet than in violet Tays with increasing tem- 
perature of the lamp. 


QUANTITATIVE MEASUREMENT OF ULTRa-VioLet Licur 
The candle power standard for ordinary light is not a physical 
standard but a physiological one, being the effect on the eye of 
the sum of the visible wave lengths emitted by a defined source 
of light, produced by a defined fuel, burning in a defined way. 
The eye not being sensible to ultra-violet, we only consider 
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the total visible energy sent out by this standard lamp. From 
the start it is therefore clear that if we want to define a standard 
of ultra-violet light we must do one of two things, namely: 
either define the standard in energy units (and wave lengths) 
or imitate our method of defining that standard of ordinary light 
and define our standard ultra-violet as the unit of effect produced 
by the ultra-violet rays. However, it is likely that the sums of 
such effects may be identical if one kind of an effect is chosen 
and may not be identical if another type of an effect is chosen. 

The only true way of defining the power of the rays is by the 
analysis of the spectrum, and the determination of the energy 
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sent out by each wave length. This method, however, is ex- 
tremely inconvenient and, after all, does not give us what we 
want in practise. 

It is therefore better to choose as a unit, some value of the 
particular effect which concerns the work in hand. If we want 
to follow chemical reaction under the ultra-violet light we 
choose arbitrarily as a unit one in which the desired reaction takes 
place in a defined way after a unit period of exposure to all the 
rays of the lamp. We may therefore say that for every type of 
reaction under the ultra-violet light we have to define a new 


unit of actinic power. 
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The different ways of examining the power of the ultra-violet 
spectrum are the following: 

(1) Analysis of the distribution of energy in the spectrum. 
The way to measure this is to measure the amount of heat de- 
veloped by acertain wave length, the measurements being made 
by means of a bolometer or thermoelectric couple. 

Fig. 3 shows the distribution of energy in the spectrum of 
the mercury lamp as worked out by Ladenburg. Fabry has 
used different filters or screens to separate out different wave 
lengths. He finds that a 110-volt lamp burning at 27 volts, 
3.5 amperes, sends out energy of which the distribution is as 
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follows: 93.7 per cent in the infra-red; 3.6 per cent in the visible 
spectrum; 2.2 per cent in the ultra-violet spectrum from 0.3664 
to 0.313; 0.5 per cent in the ultra-violet from 0.3134 down to 
0.253. As to absolute values, Fabry found that at one meter 
distance from the lamp, one square centimeter received 125 
ergs per second of visible light and 76 ergs per second of ultra- 
violet light down to 0.253. 

(2) Ultra-violet light falling on a condenser will] ionize the air 
and this will be followed by a discharge of the condenser. This 
method could probably be used for analyzing the power of differ- 
ent wave lengths or for establishing an arbitrary standard of 
ionization by ultra-violet light. 
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(3) Many chemical reactions are produced to a greater 
extent by ultra-violet light than by visible light. The so-called 
Eder reaction of precipitation of calomel, which goes on very 
much faster under ultra-violet light than under visible light, 
is an example. The dissociation of gaseous hydrochloric acid 
and particularly the dissociation of silver salts may also be 
mentioned. The typical reaction of this latter kind is the 
blackening of photographic paper; this, for certain types of paper, 
occurs four times as quickly under a naked quartz lamp as it 
does under the same lamp with glass interposed, showing thereby 
that the ultra-violet part of the spectrum has a very much 
stronger effect than the visible part. The photographic plate 
allows us to compare the strength of individual lines of equal 
wave lengths but coming from different sources, by comparing 
the times of exposure necessary to obtain equally strong pictures 
of such lines. 

(4) Bactericidal or abiotic action. The first real spectrum 
analysis of this kind we owe to Ward, who threw the spectrum 
of a quartz lamp on an infected agar plate. The parts of the 
plate which were exposed to the violet end of the spectrum would 
not show any growth of colonies, while the parts which were 
exposed to the red end of the spectrum would develop growth. 

With the above-cited chemical reactions it is fairly easy to 
create a unit; for instance, precipitation of a unit quantity of 
calomel at the unit distance in the unit time. If, however, we 
choose a unit of bactericidal reaction, we find that cultures of 
microbes vary so much with age and other conditions that it 
is impossible to get sufficiently constant results upon which 
to base a unit reaction. If we wish, therefore, to use abiotic 
reaction as a unit we must first determine the sensibility of our 
reactive material, that is, the germ culture on hand, by exposing 
samples of it to the light of a lamp which is otherwise standard- 
ized. This means creating a laboratory-standard lamp which is 
so operated that it will always produce the same amount of 
ultra-violet rays. 

The abiotic reaction which we chose as most convenient to 
handle was the measure of the exposure necessary to kill para- 
mecias, these being similar to water bacteria and fairly easy to cul- 
tivate and to observe directly under the microscope, as they have 
a very violent motion when living and, naturally, no motion when 
dead. The method of procedure is to take a drop of such 
culture, expose it at a definite distance under the lamp, count 
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the seconds necessary to make them motionless, and compare 
the figures thus obtained with figures obtained under the stand- 
ard lamp. 

As the photographic paper method is infinitely more simple to 
handle, it was considered advisable to see whether it would not 


ACTIVITY 


correspond closely enough with the abiotic reaction to be a use- 
ful check upon the abiotic power of the quartz lamp. Fig. 4 
shows the observations made simultaneously by the two meth- 
ods, using a lamp operating at various voltages. Analyzing the 
results obtained by methods 1, 3, and 4 with lamps operating 
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at different temperatures (see Fig. 4), we may conclude that 
the relative increase in ultra-violet rays with increase in lamp 
voltage is considerably stronger than the increase for the green 
and blue rays. 


Having found that we get more ultra-violet rays from a lamp 


1914] von RECKLINGHAUSEN: STERILIZATION 1223 


the hotter it is operated, we naturally had to take care not to 
overdo this and run the lamps at such a temperature that they 
would suffer thereby in their emission of light, particularly ultra- 
violet light. It is a well-known fact to everybody who has 
handled quartz lamps that at a certain temperature they will 
become almost entirely opaque to light, due to a kind of devitri- 
fication of the quartz which gives it the aspect of opaque glass. 
The maximum temperatures permissible so as to avoid this con- 
dition for the illuminating lamps had previously been determined. 
Some of our experiments for ultra-violet power were made with 
illuminating lamps which were operated at a somewhat lower 
wattage than usual. Fig. 5 shows the variation in abiotic action 
of such lamps, with time. The 
change, if any, was not very con- 
siderable. 

On the other hand, Fig. 5 shows 
that lamps run hotter than il- 
luminating lamps would lose con- 
1 U siderably in their abiotic power 
with time. They evidently ap- 
proach the limit at which com- 
plete opacity of the tube occurs. 
The problem is evidently ex- 
actly the same as for any type of incandescent lamp. We have 
to determine the working characteristics of the lamps to obtain 
the optimum of ultra-violet-time efficiency. It is probable that 
the electric characteristic of lamps for such work has to be 
chosen so as to obtain a somewhat lower temperature in the 
luminous part than lamps for illuminating purposes usually have. 


Fic. 6 


STERILIZING APPARATUS 


The most efficient way for the mercury lamp to react upon 
water seems to be, a priori, tosubmerge the lamp entirely in the 
water which is to be sterilized, as proposed in 1906 by De Mare 
(Fig. 6), and tried in many experiments by Courmont and 
Nogier (Fig. 7). Direct contact, however, of the water with 
the heated lamp influences the luminous and ultra-violet effi- 
ciency of the quartz lamp to an enormous degree, as may be seen 
from Fig. 8. It seems to be certain, therefore, that it is better, 
if one wants to plunge the light source into the water, to protect 
the lamp from direct contact with the water, and this system has 
been adopted with modern apparatus. This protection against 
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direct contact can be secured by fusing over the lamp a wide 
quartz jacket which prevents contact of the light-giving portion 
of the lamp with the water, as shown in Fig. 9. 

Difficulties, however, arose in the manufacture of such jacketed 
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lamps and it was found advisable to construct the apparatus in 
such a way that the lamp was removable from the protective 
jacket, as shown with the so-called pistol lamps, Fig. 10, allowing, 
nevertheless, all the light to enter the water (Fig. 11). Another 
method is to let the water circulate in such a way around the lamp 
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that it would not come into contact with it, receiving neverthe- 
less practically all the rays emitted by the lamp, as shown in 
Figs..12and dae 

Where it is more a question of convenience and less a question 
of efficiency the simplest method is evidently to place the lamp 
above the water but as close as possible to its surface. (Fig. 14.) 
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Figs. 15 and 16 show such arrangements which have been used 
on a large scale. Unfortunately, reflectors placed above such 
lamps have a low efficiency in reflection of ultra-violet rays. It 
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may therefore be said that with such apparatus hardly half the 
rays of the lamp will enter into the water. 
CONTACT OF THE RAYS WITH THE GERMS 
Different germs have different sensibilities to the ultra-violet 
rays, as may be seen from Fig. 17, which indicates the relative 
exposures necessary to annihilate different germs under the 
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same illumination. The ones of greatest interest to us are 
the water bacteria, and we find that they are killed in as 
short a time as 1/20 second, at a distance one to two centimeters 
from the powerful ultra-violet ray lamps. Water being practi- 
cally as transparent as air to the ultra-violet rays, we are therefore 
certain that if a germ floats in the water it will be annihilated by 
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getting into the illuminated zone, the condition for this being 
that no suspended matter is contained in the water ele would 
form a shield for the germ. 

Water for this sterilization has, therefore, in most cases to be 


Fic. 14 


filtered before being submitted to the sterilizing action of the rays. 
However, even very good filters will allow some microscopic 
matter to pass. It is much more effective, as shown by experi- 
ments, to stir up such water while it is going through the il- 


Starting |\Handle 


luminated zone so as to turn over and over any particles which 
otherwise might allow microbes to pass by under cover. The 
baffle arrangements as shown in Figs. 11, 15 and 16 are built 
in for this purpose of stirring up the water. For the same reason, 
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also, it is best to pass the water through several illuminated zones, 
which can easily be done by leading the water several times 
towards the same source of light (Fig. 15), or by passing it suc- 
cessively under several sources of light, as shown in Figs. 11 
and 16. 


TYPICAL INSTALLATIONS 


The largest unit ever built (Fig. 18) was set up about two years 
ago in the city of Luneville, France, to sterilize the city water 
supply. It consists of a flume into the sides of which ten 
500-volt pistol lamp equipments are inserted. These equip- 
ments consist of metal boxes for the starting of the lamps (the 
latest types of them contain also the theostats). The boxes 
are equipped on the inside with a stuffing box arrangement hold- 


ing the quartz protective tube which protrudes into the water 
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(see Fig. lls). The lamps are lit in the starting boxes and 
then their luminous parts are inserted into the protective tubes, 
so that the light emitted from the lamp enters the water. 

The raw water fed into this plant comes from the Meurthe river 
and contains sometimes as high as 60,000 germs percu.cm. It 
is clarified by a series of roughing filters and one filter. After this it 
is physically in fairly good condition, being very poor in sus- 
pended matter, but having from time to time fairly deep 
color (up to 45 U. S. standard) in solution. The germ con- 
tents are sometimes as high as 1000 per cu. cm. in this water. 
It is then passed through the sterilizing unit described above, com- 
ing under the influence of the light from one to two minutes al- 
together, according to the number of lamps running. This num- 
ber (sometimes only 4) depends on the physical condition of the 
water, which is easily observed. The bacteriological tests of 
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the water when leaving the sterilizer rarely show more than 10 
germs per cu. cm. and are often zero. Bacterium coliis always 
eliminated. Not only are the bacteriological tests satisfactory; 
the health of the community has improved considerably. Ty- 
phoid used to cause from 70 to 160 deaths annually; it is now 
practically eliminated, there being no cases at all this year. 
Another typical installation was made in New York lately for 
the purification of the water of a swimming pool, which is 
naturally exposed to continuous pollution from the bathers. 
The water in this case is circulated continually through a filter 
to take out suspended matter and then it passes through the 
ultra-violet ray sterilizer. This apparatus is similar to the 
Luneville unit except for its size, as it contains only two 220- 


volt pistol lamps. It is rated at 175,000 gallons capacity per 
day. Tests at the outlet of the sterilizer show only a few germs, 
and tests of the water going to the purifying apparatus 
have improved from 6000 germs percu.cm. to about 350 germs 
per cu. cm. since the introduction of the ultra-violet ray ap- 
paratus. 


CONSUMPTION OF ELECTRIC ENERGY 

The smallest lamp used in the above apparatus operates at 110 
volts with two amperes. The largest made so far is for 500 
volts, 2.5 amperes. The largest apparatus built contains ten 
of the last-mentioned lamps. The power consumption in such a 
case, with a very large safety coefficient for the sterilization, 
is between 50 and 130 kw-hr. per million gallons of water. 
This amount of power is evidently not very great but it will 
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always do something to smooth out the load curve of a power - 


station, as, in most cases, such apparatus will be operated con- 
tinuously. Many installations of this kind have been made 
in Europe for both small and large water-works, and they are 
operating very successfully. Their simplicity and rapidity of 
action are highly satisfactory. 
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Discussion ON ‘“‘ STERILIZATION OF WATER BY ULTRA-VIOLET 
Rays OF THE MeERcuRY-VaApor Quartz Lamp” (von 
RECKLINGHAUSEN), DeEtRoIT, Micu., JuNE 26, 1914. 


Morgan Brooks: I notice one point, that is not of very great 
importance, that perhaps might lead to error. The author 
_speaks of the light varying inversely as the square of the distance. 
That is true in the case of point source, but not true of line source. 
If the light is of any appreciable length in proportion to the tank, 
or the vehicle which is used in conveying the water, it will vary 
more nearly in inverse proportion to the distance, which will 
make a difference in some cases. 

Theodore A. Leisen: The question of water purification is 
assuming such an important aspect throughout the whole coun- 
try that any system of this kind will be welcome to all engineers 
interested in water supply. There are a few questions I would 
like to ask in regard to the result; first of all, as to the effect of 
a certain degree of turbidity of the water on the results of sterili- 
zation through the ultra-violet rays, and also the effect of color 
in the water; in other words, the ratio of increased consumption 
of current due to the increase in the turbidity of the water. 
My reason for asking that is that the question will come up as 
to the applicability of this system to waters where filtering may 
not be considered necessary as a means of clarification. I 
think that is notably the case in Detroit, at least as far as my 
experience goes. The water is reasonably free from turbidity, 
the actual turbidity scale running about 10 to 30 parts in the 
million, and for clarification purposes filtration would not really 
be necessary if a sterilizing medium could be applied that would 
act without the necessity of filtering in advance. I do not know 
what the turbidities go up to here in certain times of storm, 
in the case of the lake water, possibly too high to apply it without 
previous filtering. The water here is free from color, so that 
the color question would not enter into the discussion, except as 
a general matter of information. Dr. von Recklinghausen has 
said that, unfortunately for the power plants, the amount of 
current is very small; of course, that acts inversely, as far as 
the water department is concerned—the less current we have to 
use for sterilizing purposes the better satisfied we are. Our 
interests are not always identical. 

From the commercial point of view the ultra-violet ray method 
of sterilization will have to come into competition with the use 
of certain chemicals, notably, calcium hypochlorite, which is being 
used extensively at the present time, and used very successfully. 
If, however, we can substitute a system of the kind described 
here, it will be very well, for the reason that it does away with 
all legitimate objections to any mixture of chemicals into the 
drinking water supplied. The use of hypochlorite of lime will 
unquestionably produce satisfactory results, so far as elimination 
of bacteria is concerned. If it is used in toolarge quantities, it 
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is likely to impart an odor and possibly a taste to the water, 
which is objectionable, and from the esthetic point of view, 
if from no other, the ultra-violet ray would be far more satisfactory 
than the hypochlorite of lime, but, from the commercial point 
of view, one must compete with the other, to a certain extent; 
and it would be.very interesting from the water-works man’s 
point of view, at least, to get some definite figures as to the 
actual cost per million gallons of water sterilized by means of 
the ultra-violet rays. 

I believe that almost any city would be willing to spend a 
little more money in the cost of operating a plant to sterilize 
the water by means of ultra-violet rays than it would to sterilize 
the water by means of hypochlorite of lime, or any other chemical 
agent, but if the diffierence is too great, it is always going to be 
a question which system will be adopted. Here in Detroit 
the question will come up for consideration very soon. The mat- 
ter of filtration has been discussed more or less during the last 
few years, and I assume that one of the problems which will 
devolve upon me to settle is whether we are compelled to put in 
a filtration plant or not. If we could substitute a system of 
the kind described, in place of the filtration plant, it would be a 
great advantage to the city and probably result in considerable 
economy. If the filtering plant is necessary in the first instance, 
it might be a question whether a sufficiently high degree of 
purity could not be obtained by filtering alone, without resorting 
to ultra-violet rays at all, although it is an admitted fact that no 
filtering gives absolutely pure water. On a percentage basis, 
we can show beautiful results, and on a practical basis we show 
good results. The average mechanical filter, assuming aluminum 
sulphate or sulphate of iron is the coagulating medium, will in 
almost every instance give a reduction of from 99 to 99.9 per cent, 
which is almost as near absolute purity as you are likely to get 
under ordinary conditions. The chart referred to here, showing 
the reduction in typhoid fever cases, is an interesting one, and one 
along the same line was shown by us. I would like to ask 
whether during the preceding years, 1908 to 1912, filtration alone 
was in use in that city, or whether they used raw water—in 
other words, when the filter plant was first started, in distinction 
to the time when the ultra-violet ray system was started. 

If Dr. von Recklinghausen can give any figures as to cost, I 
am sure they will be very interesting to everybody concerned in 
the subject of water supply. 

William B. Jackson: I wish to ask whether the sterilization 
by the ultra-violet ray does not come into direct competition 
with the sterilization by ozone, the same as it does with steriliza- 
tion by chemicals; and if so, whether Dr. von Recklinghausen 
can give us any idea as to the relative cost of sterilization under 
the two conditions of operation. I would also be interested to 
learn whether there is any definite understanding of the physio- 
logical effect of the ultra-violet rays upon the germs, that is, 


1914] DISCUSSION AT DETROIT 1233 


whether the germs are supposed to be killed by heat or poison, 
or what the effect may be. 

M. von Recklinghausen: Regarding the variation of the 
power of light, I can state that the law of the square of the dis- 
tance holds about true, although some absorption of light in 
the air has to be added, also correction has to be made for the 
line shape of the lamp. 

To the interesting remarks of Mr. Leisen, who is one of the 
foremost water experts in this country, I would like to reply 
as follows: If turbidity consists of particles which are bigger 
than a microbe, it might shield the microbe. If turbidity parti- 
cles are smaller than the microbe—for example, as in the case of 
the Mississippi water—I do not think they will shield it. I 
think that such very fine turbidity will act like a color in solution, 
that is to say as an absorbent, and reduce the abiotic action, at 
a certain distance, to a certain degree, which can be determined 
very closely. In my experience, very fine so-called colloidal clay 
in water acts just like color in water. We have worked with 
such turbidities up to twenty parts per million, and have had 
about as good sterilization in that case as in working with low 
turbidities. 

This was worked out in a very small plant, so I am unfortu- 
nately unable to indicate the amount of power which this 
amount of turbidity would need on a large scale. If turbidity 
consists of coarse suspended matter, I believe it will depend 
on the size and character of this suspended matter whether it 
will handicap sterilization or not. It will surely shield some 
microbes, but it is most likely that these microbes, due to the 
stirring action of the sterilizer, will at some other moment not 
be shielded when passing through the illuminated zone, and will 
therefore be killed. : 

Let us take another case, of very heavy particles—suppose 
we take the effluent from a sewer; it is most likely that visible 
particles flowing in the sewer water will themselves be full of 
microbes and heavily infected inside. I think it is out of the 
question that the rays will strike, during a few seconds’ exposure, 
the microbes hidden in the inside of such particles, and I think, 
that, a priori, heavy floating particles handicap sterilization if 
those particles are themselves polluted and contain germs. 
The light must be able to strike the microbe at its first, second or 
third, etc., passage through the illuminated zone. If that mi- 
crobe is hidden every time it passes through the light it is not 
killed. 

I understand that here in Detroit the turbidity of the water 
which is taken from Lake St. Clair right near Belle Isle is usually 
pretty good and does not show turbidity much higher than 
10 most of the year. I understand that, however, during certain 
storms, the silt at the bottom of Lake St. Clair, which is pretty 
shallow, is stirred up and the turbidity is very high—I am not 
sure of the figures, but understand it is 250 parts per million— 
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that it is practically like coffee. I am certain that such water 
could not be directly treated with ultra-violet rays, because they 
would penetrate only a few millimeters, and after that they would 
surely be held up by either one or the other of these particles. 
Therefore, I think in a case like Detroit it seems to be necessary 
to filter the water at least during some months of the year, 
but possibly during ten or eleven months it need not be done. 

Now, as to the question of competition—and this will be 
partly in reply to Mr. Leisen’s question, also—I know that 
hypochlorite of lime is used to disinfect the water, and I think 
it will always be a little cheaper to take a barrel of hypochlorite 
of lime and stir it up with water, and drop it into the drinking 
water. I have no doubt about that, but you must consider that 
in the case of a waterworks plant, particularly a small waterworks 
plant, you cannot do this unless you have a chemist, or some 
expert, following the matter of addition of these chemicals to 
the water right along very carefully, so as to avoid giving the 
water a bad taste or imparting an odor to it. I think that you 
will find the application of these disinfectants will come pretty 
high if you include the amount of intelligent labor necessary to 
follow such applications. Besides, we have to consider the ob- 
jection on the part of the public to the use of obnoxious chemi- 
cals in its drinking water. 

In reply to Mr. Leisen’s remarks regarding the cost of treat- 
ment per million gallons, it will depend on the original condition 
of the water. The waters which I have seen coming from the 
modern mechanical filters are of such an ideal physical purity, 
that is to say, there is such a decided absence of suspended matter 
and color, as I have never seen in watersin Europe. If the phys- 
ical condition of the water is as perfect as this, I am persuaded 

‘that—although, of course, I could not say I could guarantee it— 
it would be hardly necessary to use more than 30 kw-hr. per 
million gallons to do the work, and if you use 50 kw-hr. per mil- 
lion gallons, as I stated in the paper, you havea safety coefficient 
which I think it is desirable and even imperative to have in hy- 
gienic work. I donot know what a kilowatt-hour can be made for, 
but call it one cent, then 30 cents per million gallons would prob- 
ably be sufficient. There is another expense to be considered— 
that the lamps have to be renewed from time to time. I doubt 
if this will come to more than just the same sum, so that I think 
the total cost would be about 60 cents per million gallons. Now, 
in the case of chemicals, with all the intelligent supervision, etc., 
the cost may be a little less, but, as Mr. Leisen said, I do not 
think it is a question merely of dollars and cents, but a question 
of giving decent water to the public, and even if the total cost 
should run a few cents higher, I do not think a modern city 
would hesitate to do something for the welfare of the people and 
deliver always decent water. 

_ Ihave not yet been able to get a plant running in this country 
in connection with one of these modern mechanical filters, which 
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give, according to my laboratory tests, suchideal and perfect 
conditions. It may be, therefore, that the figures of consumption 
I give are somewhat exaggerated. 

Regarding the typhoid records in Luneville, France, up to 
1911 they used spring water, without purification. In 1912 
they started to filter the Meurthe River water, and added spring 
water to it, using practically 90 per cent of the river supply, 
and there was some falling off in typhoid cases at that time, as 
you see from the chart, due to the mere filtration of the water, 
at the rate of seven million gallons per acre, with some previous 
roughing. The fact that the typhoid cases have gone down to 
zero, since sterilization was applied, I think is due to the fact 
that sterilization does not let any coli, the indicator of germs of in- 
testinal diseases, get through at all. I know that hygienic sta- 
tistics have to extend over ten years to be really reliable, and — 
you have to get statistics from many places. I am sorry that our 
industry is too young to give ten years’ tests, and I can only give 
you those which I have at my disposal. 

I have another case of a small plant which I showed you on 
the screen, where the same results were obtained; typhoid is 
prevalent all around that country, which is a suburb of Rouen, 
France. All round they used the same kind of water, and there 
was a good deal of typhoid in that district. Since the sterilizing 
plant has been put in there has not been a case of typhoid for 
two years—as the statement, which I have from the Health 
Office of the town, shows. 

Now we come to the question of competition from another 
source—ozone. Ozone has not been used much in this country. 
It has been used to a certain extent in Europe to act as a steriliz- 
ing agent, and I think difficulties are encountered, not so much 
on the question of whether ozone sterilizes or not, but on the 
question—Do you produce ozone or do you produce something 
else? It is known that a slight amount of humidity in the air 
which is subjected to the ozonator, will produce something else 
than ozone, namely, nitrous acid, which is not a sterilizing agent, 
and therefore the results of the plants which are in actual service 
prove rather discouraging from the bacteriological point of 
view. From the economy point of view, I would only refer to 
one set of tests, which were made by the Aquedotto Nicolai in 
Genoa, for about six months. This trial plant supplies about 
a thousand tons of water per day, and the water was treated 
alternately by ultra-violet rays, and by an ozone plant. The 
current consumption was practically the same with the ultra- 
violet rays plant and the ozone plant, but in the latter case 
only so far as the ozonator was concerned, not counting the cost 
of moving the water to the ozonator and the cost of forcing 
the ozonized air through the water. Taking it altogether, I 
think the power used is less with the ultra-violet rays. In the 
case mentioned, the report says that the ultra-violet rays can 
be run by a little girl, while the ozone plant needs an engineer. 
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William B. Jackson: What is the relative first cost of the 
plants? , 

M. von Recklinghausen: I cannot tell you the relative 
cost of the plants, as I do not know the cost of the ozone plant. 
I know in this case—I suppose they are all different—the original 
cost was 2.5 times as much, but I do not know whether that would 
account for all costs. I do not want to give that figure as the 
real figure. What is needed is the machine necessary for 
ozonizing, the high-frequency alternator, high-frequency trans- 
former, and then the maintenance of the dielectrics, which 
blow out from time to time, etc. 

William B. Jackson: Does the ozone work better on muddy 
water? 

M. von Recklinghausen: There is one thing strange about 
practically all sterilizing agents, and that is that they all must 
be used only on practically clear water. In the case of ultra- 
violet rays, there is the physical necessity of having the rays 
strike the microbes. In the case of any chemical sterilization 
like ozone or hypochlorite of lime, you need much more of the 
chemical, in the case of the water being muddy, than when the 
water is clear. I think that is because some of the sterilizing— 
that is, the oxidizing—agent is used up by the organic mud, and 
you need much more ozone, etct, to penetrate into the organic 
matter than if such floating matter or even organic matter in 
solution is absent. 

The last question asked was: what the real effect is. Like 
many biological things, we do not know. If you expose water 
for a long time to ultra-violet rays, you might get a slight amount 
of peroxidation therein. This so-formed disinfectant could not, 
however, account for the sterilizing action of the rays, owing to 
the short period of time that the rays act on the germs. The 
amount of hydrogen peroxide generated by the light shining on 
the water is perhaps one millionth of what would be needed to 
produce enough peroxidation to act as a sterilizing agent. If 
we submit a germ to the ultra-violet light and look at it under 
the microscope, after having exposed it for a long time, we find 
its plasma coagulated, therefore many will say that the action 
is coagulation of the plasma. After just enough exposure to 
ultra-violet light, however, the germs appear to be identical 
with living ones, except that their motil'ty has gone. I think 
the exposure necessary, for instance, under the pistol lamp, to 
kill the bacteria, is one-twentieth of a second. I doubt whether 
you can make a complete chemical change in that microbe 
during that short time. 

Alfred Herz: Is the microbe permanently killed, or only 
stunned? 

M. von Recklinghausen: Permanently killed. 

Alfred Herz: Any record of that? 

M. von Recklinghausen: I need only mention the many 
tests made in Europe on plants for getting sterile water for 
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surgical work. They want water which has no microbes, and 
they make a very strict test, which consists in taking 100, 200 
or 300 cu. cm. of the sterile water and mixing it with sterile 
broth. They put these samples under the most favorable tem- 
perature conditions for the microbes to develop. After several 
weeks, if the microbe contained in that broth has not developed, 
they come to the conclusion that it is dead, and such results 
have been obtained over and again with water which had been 
freed of its often very rich content of germs by short exposure 
to the ultra-violet rays. 

A. E. Walden (communicated after adjournment): For nearly 
seven years the writer has been experimenting with ozone gas 
for sterilizing water, and for a shorter period with the ultra- 
violet ray, and noting the interest in the paper on the ultra- 
violet ray, as evidenced. by the published discussion, believes 
that further information would be of value. 

The sterilizer we are operating in Baltimore has a capacity 
of four million gallons daily, and has been operating more or 
less satisfactorily for several years. We also procured in 
Europe an ultra-violet ray sterilizer for experimental purposes, 
it being the first, in our belief, to be used for this purpose in 
this country. 

Now, it should be stated that both the ultra-violet ray and 
ozone apparatus have distinct fields, but that ozone will do work 
that ultra-violet rays cannot do, with the knowledge we have 
of both today. The ultra-violet ray has no action on algae, 
or amorphous matter, or color, while ozone has, although both 
reduce bacteria. Again, ozone will purify water without pre- 
vious filtration, while the ultra-violet ray, to be most effective, 
must have a water low in turbidity. 

Ozone sterilizing apparatus, including roughing filter (for use 
during times of high turbidity), can be constructed for $6,Q00 
to $7,000 per million, in 5 million gallon units or over, and the 
total operating cost will be approximately $2.50 per million gal- 
lons, or under, allowing for local conditions. 

A question was asked by Mr. William B. Jackson as to the 
relative merits of ozone and ultra-violet ray on muddy water 
(high turbidity), and it may be said that ozone is far and away 
superior to the ultra-violet ray under this condition in so far as 
we have knowledge today, and that with the ultra-violet ray with 
a water having a turbidity greater than 10 the manufacturers 
will not guarantee results. However, our experience with this 
system shows that -the rays will satisfactorily penetrate 
turbidities of 20. 

The cost of the lamps is excessive, and they are very fragile 
‘and easily affected by handling. 

To get back to European results by either method, I want to 
state that they cannot be applied to conditions in this country, 
neither are they correct as we require them. 

I submit herewith a short table of results at our plant, which 
we can and expect to improve on in our proposed new plant. 


1238 STERILIZATION OF WATER [June 26 


TABLE OF Ozonr RESULTS 
STERILIZING THREE MILLION GALLONS DAILY 


Bactena removed eyssen hy tin enn 73 to 99 per cent. 
At the same time removing as follows: 
Algae Amorphous Matter Color 
Maximum..... 79% 80% 15 to 45% 
Minimum...... 9% 1, 
IAVelaS 6a ee 40% 50% 


Requiring from 60 to 90 kw-hr., or 2 to 5 kw. per million. 


TABLE I—RESULTS OBTAINED FROM OZONIZERS AT HERRING RUN UNDER 
VARYING CONDITIONS (3,000,000-GAL. UNITS). 


B. Coli 
Bacteria per cu. cm. presumptive Color Turbidity 

test (parts per million) (parts per million) 

ee 

Ozon- |% Re- Ozon- Ozon- | % Re- Ozon- | % Re- 

Raw | ized | moval] Raw ized Raw | ized moval | Raw ized moval 

4300 31 99.2 | *4/4 0/24 65 30 53.8 40 40 9.0 
1800 53 97.0 4/4 0/24 25 18 28.0 12 12 0.0 
2080 25 98.7 1/4 0/24 25 20 20.0 18 18 0.0 
1810 31 98.7 4/4 2/24 25 16 36.0 18 18 0.0 
2300 79 96.6 0/4 0/4 28 18 31.7 20 20 0.0 
146 18 87.6 1/4 0/4 24 21 Ges 8 8 0.0 


*4/4 = 4 positive presumptive tests out of 4 one-cu. cm. samples tested. 


TABLE I—(Continued) 
RESULTS OBTAINED FROM OZONIZING WATER, NOVEMBER, 1909. 


Bacteria per . 
cu. cm, B. Coli Color Turbidity Alkalinity 


Date Raw | Ozon- | Raw | Ozon- Raw | Ozon- Raw | Ozon- Raw | Ozon- 
ized ized ized ized ized 

Nov, 3} 3200 12 4/4 0/8 20 14 alk} 18 25 25 
“4! 2700 6 2/4 0/8 22 15 20 18 26 26 

“ 5} 1960 6 2/4 0/8 25 17 20 20 26 26 

ST ts 00 12 4/4 0/4 24 14 18 18 25 25 

“ 12} 1300 18 0/4 24 14 18 18 25 25 
E12) L410 15 0/4 24 15 18 18 25 25 

“ 12] 1390 16 24 14 18 16 25 25 
3} asf) 54 3/4 1/4 23 17 20 20 25 25 


_- == 


1914] DISCUSSION AT DETROIT 1239 


TABLE I—(Continued) 
RESULTS OBTAINED FROM OZONIZING WATER, NOVEMBER AND 
DECEMBER, 1909. 


Bacteria B. Coli Color Turbidity 

Date Raw |Ozonized| Raw |Ozonized| Raw |Ozonized| Raw |Ozonized 
Nov. 24 5100 *810 4/4 3/4 25 20 25 25 
=) 426 2520 *650 2/4 2/4 22 18 20 20 
Ce i 1800 *740 4/4 1/4 22 17 23 23 
= 29 2420 9 1/4 0/8 20 8 18 18 
Dec. 2 3680 6 4/4 0/4 18 10 18 14 
3 1420 13 14 14 
£ + 1100 4 1/4 0/4 18 10 16 16 
= 7 1240 6 1/4 0/4 21 15 15 alee 

*The results on Nov. 24th, 26th and 27th show the effect of ozone on water containing 


a great amount of organic matter. During these days a piece of straw braid was suspended 
in the mixing chamber of the ozonizer. The braid was removed on the 29th, with the im- 


proved bacterial results indicated. 


TABLE II—RESULTS FROM 3000-GALLON OZONE APPARATUS 
(DOMESTIC STERILIZER). 


Bacteria per B. Colt Color Turbidity Oxygen 
cu. cm, required 
Ozon-|% Re- Ozon- Ozon-|% Re- Ozon-|% Re- Ozon-|% Re- 
Raw | ized |moved| Raw ized |Raw| ized |moved|Raw| ized |moved|Raw| ized |moved 
not ‘ 
2460 26 | 98.95] present] found | 22 Sei 28\20) 20 | 00.0 |1.55) 0.60} 61.30 
2800 12 | 99.58 bi " 30 15) 0) 40 40 | 00.0 |1.40} 0.85} 39.19 
1100 5 | 99.55 s & 17 O {100 15 15 | 00.0 |1.15] 0.55} 52.18 
1270 6 | 99.53 a 35 IS) Cif qaltsy ys 15) 15 | 00.0 |1.47| 0.85] 42.18 
1200 0 |100 & a 12 0 |100 iy U7 0020 1s) OR /Ole3or 13 
59000 | 680 | 98.85 7 cs 65 40 | 38.46/400 | 400 | 00.0 |3.75| 3.10) 17.34 
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TABLE III—RESULTS FROM 3000-GALLON ULTRA-VIOLET RAY APPARATUS 


Bacteria per cu. cm. B. Coli. Parts per million 
er i (ao Ses We. ins man 
I Sterilized & 2} Raw |Sterilized/Turbidity| Color al 
- | Z = se] < E 
fe oo x 5 na] wv 2 nola Pa > 5 2 < 
5 Ba/8e(Byles!| a] 31 a] & 
Pi 2) 3) 4) 6 Gelesleglag| M| EF) wm] F 
Es a " a a 
450} 2 0 (0) 2 | 1.0/99.78| 4 0 | 16 OHil20 "120 | 22) | 22°) go 4 
580] 7 4 6 5.6/99.04] 4 fj) AG O |} 14 | 14 |] 16 | 16 | go 4 
1390] 5 2 0 4 | 2.7/99.81) 4 2) 26 OV tes. | 14} 14.) 20 4 
310} 8 4 2 0 | 3.5198.78] 4 3 | 16 Oo ZI 12110: | 10. | 80 4 
490} 4 6 6 2] 4.5/99.09] 4 2] 16 OFT TS | AS | ta Toe So 4 
210] O 0 4 2 | 1.5)99.29] 4 0 | 16 0 | 20: | 20 | 12 | 19>) 80 4 
600} 0 0 0 1} 0.2)99.97| 4 nH fs Ia 0} 16 | 16 | 10 | 10 | 80 4 
720) 4 2 0 3 | 2.7/99.63} 4 2 | 16 O | 16 | 15 8 8 | 80 4 
Rise in temperature on the case of the sterilizer directly above the lamp. 
Time Start | 5 min. |10 min. ]15 min.|20 min. 25 min./30 min./35 min.|60 min. 
Degrees 
Fahrenheit! 80 94 142 180 194 206 208 210 210 


Regarding the ultra-violet ray lamp, the quartz tubes give 
good results at first but in a short time become defective, due 
either to failure of seal or to a film of oxide on the tube inside. 

In European practise the current consumption with filters 
and an effluent of low turbidity is from 36 to 140 kew-hr. per million 
gallons, the filters passing from 90 to 120 millions per acre per 
day. Water that has a turbidity of 45 parts per million cannot 
be sterilized satisfactorily. The maximum depth of water which 
has been sterilized is about three feet, and if this is reduced to one 
foot the approximate time might be said to be reduced in propor- 
tion to the effect of light rays; in other words, if the lamps sterilize 
at a depth of one foot at the rate of one second, when the dis- 
tance is doubled, or at a depth of two fect, the time of required 
exposure will be about four seconds, but may vary 5 to 10 
per cent. 

The time of exposure runs usually from 50 seconds to i 
minutes, but where the effluent is very low in color and turbidity, 
as from mechanical filters using sulphate of alumina, a period 
as short as 10 seconds will answer for effective sterilization, 
ae is not to be recommended for safety under operating con- 

itions. 
_ The life of the lamps is guaranteed at about 3800 hours, and 
in testing to see if the ray efficiency (consequently the bacterial 
efficiency) is maintained, it appears that the lamps are tested 
at a distance of 50 cm. with solio paper, and if the paper turns 
pink in approximately 10 seconds the lamps are considered all 
right, but if it requires 15 seconds, or more, there is some question 
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as to their efficiency and they are removed for further test. 
It should be noted that there is no satisfactory method devised 
for the control of the lamps in operation to tell accurately when 
any have deteriorated, and just how fast they are deteriorating, 
which makes operation uncertain, and the system will require 
more technical supervision for this reason. 

We have had considerable trouble with lamps blackening, 
or mercury oxide. 

There is no change in the organic matter, as there is with ozone, 
and as before stated, the time and depth will probably vary 10 
per cent. The efficiency will be higher with the higher voltage 
lamps requiring 400 to 500 volts. 

With ozone gas, climatic conditions affect the operation, al- 
though this has been practically eliminated; and then there are 
troubles from punctured dielectrics, the expense of renewing 
these, however, being small. 

This gas will alone remove the major portion of the algae 
and organic matter, and reduce the color from 15 to 40 per cent, 
and at the same time remove from 73 to 99 per cent of the 
bacteria, but if the organic content is high the reduction is high 
and the bacteria. reduction is lowered, but as we become mor¢ 
familiar with these conditions they will be removed or improved. 

A test for ozone can easily be made, and an approximate de- 
termination of the strength made by passing a given quantity 
through iodide of potassium solution, and we have proved by 
many hundreds of tests that at no time has it been possibe 
to detect nitrous acid, and further, that the removal of the algae 
and organic matter causes the bacteria to die in the mains, and 
it is believed that this ig due to the removal of the organic 
matter necessary to maintain bacterial life. 

It might be stated that all forms of bacteria are really vege- 
table micro-organisms; also that there are some 60 gas-forming 
bacteria; and it is not possible to determine the Coli other than 
in a presumptive manner (except by special plating requiring 
a period of time too long for the purpose. We have further 
found, in testing for bacteria in air, that from one cu. cm. taken 
from a solution made from one square inch taken from the air 
filter and distilled water, there were 9000 gas formers, or pre- 
sumptive B. Coli, out of a total of 27,000 bacteria, which goes 
to show, we believe, that ozone gas will eventually prove of 
value for air purification, as soon as its action and method of 
handling are better understood. 

For those seeking further information on this subject there 
will be found papers in the Proceedings of the American 
Works Association of 1911, also papers by the chemist of the 
Baltimore County Water and Electr c Company, Mr. Sheppard 
T. Powell, in the American Water Works J ournal of September, 
1914, and also Dr. von Recklinghausen’s paper of the same date. 

It is our belief that both these sterilizing agents will find a 
field in both water and sewerage treatment, and particularly in 
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the treatment of the discharge from tanks of the Imhoff type, 
as evidenced by our experiments. 

It may be added that the ultra-violet ray has recently been 
tried in Baltimore for sterilizing milk, and the result was that a 
decided offensive taste was imparted to the milk, which would 
prevent the use of this agent for this purpose. Further, milk 
sterilized with ozone will not give up the characteristic taste of 
the gas used, as it seems to be retained in the milk. However, 
rancid butter can be renovated without any apparent effect 
on the substance itself. 


Presented at the 31st Annual Convention of the 
American Institute of Electrical Engineers, 
Detroit, Mich., June 26, 1914, under the aus- 
pices of the Telegraphy and Telephony Com- 
mittee. 


Copyright 1914, By A. I. E.E. 


A HIGH-SPEED PRINTING TELEGRAPH SYSTEM 


BY CARL KINSLEY 


ABSTRACT OF PAPER 


The paper describes a system of high-speed printing telegraphy 
devised by the author, a prominent feature of which is the sim- 
plicity of the apparatus and its operation. The author briefly 
mentions a number of high-speed systems which have been tested 
by the operating companies, none of which have completely ful- 
filled all the requirements for accuracy, rapidity and low cost 
which are desirable for commercial work. 

The system described is operated in connection with a com- 
mercial typewriter to which a punch is connected which perfor- 
ates a half-inch strip of paper with groups of holes distinctly 
spaced in five rows, each group representing a letter. The 
punched strip of paper is then sent through the transmitter so 
that the holes pass under five wire brushes. Batteries of either 
polarity are thus connected between the earth and either one of 
a pair of conductors, or batteries of different potential can also 
be used. At the receiver there are five elements which are separa- 
ately controlled and these elements make an autographic record 
by means of a local battery on a moving sensitized paper when- 
ever they touch the surface. The apparatus, which isfeompara- 
tively simple, is illustrated and described in detail. On the 
basis of simplex working and the use of two wires, the operating 
speed is 650 words per minute over a 375-mile line. If duplex 
working should be used the total speed of working per wire 
would be increased accordingly. 


HE RATE of increase in the amount of business transacted 

by telegraph has been most marked during the past few 

years. The extension of the network of telephone wires and 

their universal use in local business has seemingly stimulated 

the desire for a formal method of inter-communication which is 
more rapid than the mails. 

The operating companies have responded as fully as they could, 
with the means available, to the public demand for a more rapid, 
accurate and inexpensive service. They have carefully tested 
many systems of telegraphic transmission that have been 
presented to them. None of the systems, however, has ful- 
filled all of the requirements for accuracy in the transmission 
of the messages, rapidity of operation from the receipt of the 
message to its final delivery, and low cost; the latter includes, 

1243 
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in particular, interest on invested capital, depreciation of tele- 
graphic apparatus and lines, maintenance of plant and cost of 
operation. 

It isimpossible adequately to mention in the brief space avail- 
able the telegraph systems which have already been tried, some 
of which have by no means been discarded. Among them the 
following may be of particular interest. 

*The Rowland multiplex printing telegraph system! has en- 
joyed a limited use in Italy and was experimentally operated on 
commercial business for a considerable time in this country. On 
the basis of eight machines operating simultaneously over two 
Wires a speed of 400 words per minute could be obtained. 

The Murray printing telegraph? was given a commercial test 
in America in 1900 and later taken to England where it was 
developed to a much more perfect state in the laboratories of 
British P.O. Department. It has recently been given a month’s 
trial in this country. Used duplex with four machines working 
on the two-wire circuit and with eight automatic translators, a 
speed of 400 words per minute can be reached. , 

The Baudot printing telegraph? has been extensively used in 
France and India, while recently its use has been spreading to 
Great Britain, where certain improvements have been added. 
On the basis of duplex working, and using two wires, 160 
words per minute can be transmitted. 

The Siemens-Halske rapid printing telegraph system‘ has been 
remodelled from the system developed and extensively tested 
about 1903, which used a photographic process of recording. In 
its present form it has been successfully used on certain German 
lines and is being tried over three or four different circuits at the 
present time. It seems to be specially suited for underground 


I Ga Ropichon ' se Telegraphie Rowland, ”’ Journal Telegraphique, 
Jan. 25, 1901 and Feb. 25, 1901. 

Potts; The Rowland Telegraph System, A.I. E. E. TRANS., 1907, Vol. 
XXVI p. 507. 

2. Vansize; A New Page Printing Telegraph, A. J. B. EB. TRANS., 1901, 
Walls SNM ay 7 

Murray; “ Practical Aspects of Printing Telegraphy, ’’ Inst. Elec. Eng. 
Jour. v. 47, p. 450,1911. See also Electrician, May 5 and 12, 1911. 

3. “ D’Appareils Baudot,”’ Poulaine and Faivre, Paris, 1906. 

Williams; “‘ The Baudot Telegraph System in Isai hieis?? Electrician, 
Mch. 22, 1907, ‘ , 

4. Franke, “Der neue Schnelltelegraph der Siemens und Halske,” 
Elektrotechn. Zettschr., Sept. 25, Oct, 2 and Oh Big, 
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cable work, as the speed of each instrument is low and the re- 
quired perfect control of both synchronism and phase of the trans- 
mitter and receiver is then not affected by atmospheric conditions. 
The necessity for an entire absence of disturbance can be com- 
prehended when it is noted that many letters require the opera- 
tion of seven relays to switch circuits in the through line in prep- 
aration for each record. On the basis of duplex working and 
the use of two wires a speed of 400 words per minute is obtainable. 
This is only half as fast as the early form which required the 
developing, fixing, washing and drying of the record of the re- 
ceiving message and thus produced a condition at the receiving 
end which was considered uncommercial. 

The Pollak-Virag writing telegraph system,’ unlike any of the 
preceding, does not require synchronism between transmitter 
and receiver. The received message, however, is photographi- 
cally recorded on a sheet, which process entails expense and delay. 
in handling the message. It was given an extensive commercial 
test over German lines and also was exhibited in England and in 
this country in 1899. On the same basis as that used in the tests 
of the previous systems the Pollak-Virag telegraph operated 
at 650 words per minute. 

The system about to be described does not employ synchron- 
ism between transmitter and receiver, there are no relays used in 
the operation at either end of the line, only one instrument is 
employed, and the message is received ready for distribution. 
On the same basis of computation used in the above systems 
the speed of operation of the author’s printing telegraph is 650 
words per minute over a 375-mile (603.5-km.) line. 


PLAN OF OPERATION 
The method employed is direct throughout and the trans- 
mitting and recording parts are capable of such adjustment that 
the speed of operation is limited only by the speed ol the, line: 
The mode of operation is as follows: 
By means of a punch which is connected to a commercial 
typewriter a half-in. (1.27-cm.) strip of paper is punched with a 


5. ‘ Der Schnelltelegraph von Pollak und Virag”’, Elektrotechn. 
Zeitschr, Oct. 11, 1900. é 

‘Recent Improvements of the Pollak-Virag Writing Telegraph,” 
Electrician, July 3, 1903. ‘‘ Telegraphie Rapide Systeme Pollak et 
Virag,” Ecl. Electr., Jan. 5, 1907. 
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series of groupings of holes distinctively spaced in five rows, 
each group representing a letter. The punched strip of paper is 
then sent through the transmitter so that the holes pass under five 
wire brushes. Batteries of either polarity are thereby connected 
between the earth and either one of a pair of conductors. Bat- 
teries of different potential can also be used, and in one case that 
is done, making five different transmitting impulses. Fig. 1 
shows the wiring connections, a representative piece of 
transmitting tape, the printing elements and a section of the 
record. 

At the receiver there are five elements which are separately 
controlled, except that No. 3, which needs only the normal cur- 
rent, also operates when the strong current needed to operate 
No. 5 is received. 

The printing is accomplished by subdividing the alphabet 


Power Le 


ies: Lee, raed 


Printing Elements 


Fie. 1 


into four independent elements anda fifth which, whenever used, 
accompanies one of the others. These elements then make an 
autographic record, by means of a local battery, on a moving 
sensitized paper whenever they touch the surface. It is merely 
necessary to have them operated in the proper sequence and with 
the desired interval in order to obtain any letter or figure of the 
alphabet. 


PHOTOGRAPHS OF COMPLETE APPARATUS 
Fig. 2 shows the punch for preparing the transmitting tape. 
A commercial typewriter is set on the punch base and the opera- 
tion of preparing an office copy of the message also punches the 
transmitting tape. The depression of the digit bar sets the proper 
punch combination, then closes the circuit of an electro- 
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magnet which completes the operation of punching and spacing 
the transmitting tape. The tape is then rolled up ready for use 
on the transmitter. As many punching machines can be used 
at the same time as may be needed to supply the transmitter with 
a sufficient number of rolls of prepared messages. 

Fig. 3 illustrates the automatic transmitter. The roll of paper 
carrying the message is driven under the wire brushes, which 
drop through the holes and make contact with the underlying 
rings, five in number. These rings are slowly rotating, driven 
by the paper friction, so as to insure a continually changing point 
of contact. No trouble at all has been experienced with faulty 
contacts. No speed control has yet been used on the driving 
motor as it has not been found necessary to have any exact speed 
of transmission. 

Fig. 4 shows the method of construction of the artificial line, 
which needs more than a passing notice. It is made of a great 
many sections all connected in series. Each section consists 
of two tinfoil grids, separated by wax paper with solid tin- 
foil sheets outside of them, also separated from the grids 
with waxed paper. The solid sheets are 614 in. by 9 in. 
(16.5 cm. by 22.8 cm.) and completely cover the grids, which 
are superimposed. There is thus complete distribution of the 
capacity and resistance of the two parts of the circuit with re- 
-spect to each other as well as with respect to the ground, while 
each section is shielded from the neighboring sections. The total 
capacity from either line to ground, measured with an a-c. 
pure sine wave of 120 periods per sec., is 4.05 microfarads. The 
total resistance of each line is 747 ohms, while the leakage resis- 
tance due to dielectric absorption is 2 X 10‘ohms. There is no 
appreciable self-induction. On the basis of an open wire cir- 
cuit having a conductor 0.43 cm. in diameter, the capacity and 
resistance relation would make the artificial line equivalent to a 
circuit 375 miles (603.5 km.) long. Since the open wire line 
has also distributed self-induction, the current at the distant 
end of the actual line would be greater than that at the end of the 
artificial line, if the impressed e.m.f. were the same. The equiva- 
lent length of actual line might be calculated in another way on 
the basis of an alternating current of equivalent frequency. 
When transmitting messages at the rate of 650 words per min. 


6. NotE—The above equivalence is obtained by interpolation in the 
table on p. 256 of ‘‘ The Propagation of Electric Currents,” J. A. Fleming. 
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the actual duration of an impulse is 1/720 sec. This would be 
equivalent to a frequency of 360 periods per sec. 


Assume I, = $ cosech P] (1) 
0 
) , Vi#y 
Where Z) = initial sending end impedance = bts 5 (2) 
Ve+jb 
and P = propagation constant = 
atjB=Vr+jxVve+jb (3) 


r,x, gand bare respectively the resistance, reactance, conductance 
and susceptance per mile. 

I,and Vs; are the current at receiving end and impressed e.m.f. 
at sending end.? With the same V, the I, will be the same in an 
artificial line and actual open wire line if the length of the line, 
/, is 635 miles (1021 km.). 

If the actual open line, however, is of No.8 B.& S. gage, then 
with the same impressed e.m-f. the current at the end of 375 


miles will be the same as at the end of the artificial line. The - 


length of the open line equivalent to the artificial line can be 
conservatively placed at 375 miles. The oscillograph record 
shown in Fig. 7 gives the current distortion, due to the long line, 
which is found in this case. 


Fig.5 shows the receiver of the author’s printing telegraph sys-: 


tem and Fig. 6 is another view of it with the head lifted from the 
tape to display the printing elements. It uses two local circuits; one 
energizes the magnetic circuit which normally holds the printing 
members off of the recording surface and polarizes them. The 
other is in series with a resistance and has its positive terminal 
connected to the receiver elements, which are here also the print- 
ing members, while the negative terminal is connected to the 
slightly moistened tape. A ferrocyanide of potassium solution, 
and iron tips to the receiver elements, have been found to be 
cheap and satisfactory. The line circuits are connected to the 
receiving spools and temporarily change the magnetic flux as 


7. Nore—See page 84, Fleming, Joc. cit, 


PLATE, LXXV. 
AEE: 
VOL. XXXIIl, 1914 


Fic. 2 [KINSLEY] re, 2 [KINSLEY] 


Fic. 4 [KINSLEY] 


I, (hy Bede 
VOL. XXXII, 1914 


Wie, 5 [KINSLEY] Fic. 6 [KINSLEY] 


ranemcetter PD. 


Dine, 7 [KINSLEY] 
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the signaling currents are received. It is found to be desirable 
touse various magnetic fluxes in the different circuits but in 
every case the magnetic density is not large when the parts of 
the magnetic circuit are proportioned as in this receiver. 

The five elements are mounted on a circular frame so that the 
printing faces nestle closely together and form the pattern al- 
ready shown in Fig.1. This pattern is only one of several which 
have been tested. The form of the alphabet produced by it 
seems to be entirely satisfactory. A sixth element could be added 
if greater perfection were desired, while an alphabet of four 
elements which was thoroughly tried out was found to be leg- 
ible to most people, but vastly inferior in appearance and doubtful 
of acceptance by the public. A sample of the transmitting tape 
and of the message as received is shown in Fig. 7, although 
the dark blue record on a slightly tinted background is a difficult 
object to reproduce photographically, and it is impossible to do 
justice to the original. The reproduction serves, however, to 
show the forms of all of the letters and figures as received over 
the whole of the artificial line, whose constants have been given, 
at a rate of 650 words per minute. 


OPERATION OF THE RECEIVER ELEMENTS 


The receiver is astonishingly consistent in its operation and it 
would probably be of interest to consider its functioning more in 
detail. The adjustment of the position of the core of a receiving 
magnet is accurately made by means of a reducing gear, all lost 
motion being avoided by the use of a stiff spring. After adjust- 
ment the receiver can be operated for along time without any fur- 
ther attention. Inone case, over four months elapsed without 
touching an adjustment screw, during which time it gave per- 
fect service, then a break in the circuit made a repair and read- 
justment necessary. When a signaling current is received it will 
further magnetize the receiving magnet of one section of the re- 
ceiver and reduce the magnetization of the one connected in series 
with it. The magnetization due to the local current lifts the 
receiver element from the paper and holds it against the core 
of the receiver magnet. When the signaling current slightly 
reduces the pull on the receiver element it is released, and the 
spring causes it to strike the paper, leaving its record, and then 
to rebound, when it is again caught by the local magnetic curcuit 
and held, ready for another release by the signaling current. 
The local current therefore does the work of distorting the spring 
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and the signaling current merely supplies enough energy to re- 
lease it and to allow the stored-up energy in the spring to become 
effective. The receiving element has a flat spring rigidly at- 
tached to the core of the magnet which is energized by the 
local current. The natural period of the printing element can 
be made whatever is desired by varying the thickness or width 
of the spring and the size or location of the attached armature, 
The natural period of the receiving element should lie between 
rather sharply defined limits. Its period should be sufficiently 
long so that the signaling current has passed and the magnetizing 
current is again the controlling quantity before it returns to its 
resting position; and the period should be short enough so that the 
receiving element is back at rest before another signaling cur- 
rent intended to operate it is received. 

Let us assume that the transmitter connects batteries directly 
between a line and the ground either with or without the con- 
densers which are of service only when the source has large self- 
induction. Fig. 7 shows the current at the end of a 375-mile 
artificial line, due to the impressed constant e.m.f., as obtained 
by photographing oscillograph curves at both transmitter and 
receiver. The current is such as would be used in the vertical 
lines of aG. If we consider the negative current, which releases 
the element making the lower half of the vertical line for its two 
strokes, it can be seen that the natural period of the element 
should lie between definite limits. Since the element is more 
strongly held in place while the positive current impulse is on the 
line but is released when the negative current reaches a, and held 
again when the current is not more than bi, then the period of 
the printing element should be longer than the time between 
a; and b, but shorter than the time between a; and be. Thereis 
one exception that is of minor importance, since it is desirable 
to avoid synchronism in general, that is, if the natural period is 
exactly as long as the interval from @, tO a2 then the second re- 
lease will come at the proper time. If the natural period has a 
value such that the element returns to its initial position at any 
time between b, and b3, except at de, then the resulting stroke 
will be given at the wrong time. This may not be so far wrong 
as to lead to illegibility, but will obviously give an imperfect result, 
The natural period used with this instrument as now adjusted 
lies half way between a, and a2. This high natural period allows 
the use of the “ ’’ marks which are not considered a necessary part 
of the telegraph alphabet. 
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Hundreds of oscillograph records have been made, and it can 
be stated positively that with the present circuit and apparatus 
design no combination of currents can occur which will cause 
errors in the record. It is evident that a sufficient increase of 
speed or an increase in the length of the line without an appro- 
priate reduction of speed will produce an inoperative condition, 
but as previously stated, the speed attainable is limited by the 
line and not by the terminal instruments. 

The elements most frequently used are the two which combined 
make a straight upright line. Thisis produced, as already shown 
in Fig. 7, by connecting the battery to the line for 1/720 of a 
second and then reversing it for the same interval. This can 
be considered as a part of a periodic wave having the equation® 


ice) 
_4E i. sae 
ares = saa ip (4) 
0 


V; = potential difference at transmitter at the time ¢ counted 
from the time the positive potential is connected to the line. 

E = potential difference of battery. 

If we assume that the actual transmission will be equivalent 
to the sum of the series as far as the terms are appreciable, 
using m = 0, 1, 2, 3, etc., it will be possible to combine the 
arriving waves and obtain the arrival curve from the equation 
computed separately for each period, 7.e., for each value of m. 


Vs 


i, = 
(Z; + Z,) cosh Pl -+ ( 


Z; Lr 
Zo 


+ Zo) sinh Pl (5) 


Z;, Zy and Z, are the impedances of the sending and receiving 
apparatus and the initial sending end impedance. 


Pl=al+jBl=l Vr+jx Ve + jb 
= 2.62 /44° 26’ for m = 0 (6) 


8. The form employed is that used by Malcolm, Electrician, April 15, 
1912, p. 916; eq. 32. 
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vr + ie 


— J = 285.5 \45° for m = 0 a (7) 
Vg +jb 


Zs = O when batteries are used. 


= 
T 


56 + 7 859 = 862 /86° 15’ for m = 0 (8) 


Vs 


Se 9 
2320 \174° 7’ (9) 


For the first harmonic, m=0, J,= 


‘ : 6 
The 2d harmonic, m = 1, has an amplitude of only 2 0 


per cent of the first, and 3d harmonic, m = 2, has an amplitude 


of only a per cent of the first. 


In other cases with shorter lines the harmonics up to the fifth 
may be appreciable, but they in no way interfere with the opera- 
tion of the receiver if the receiving elements are properly designed. 

At the receiver, the current flow, so far as it materially affects 
the printing elements, is therefore a sine wave of frequency 
360 periods per sec., as is apparent from an inspection of the 
oscillograph curves of Fig. 7. : 

No estimate will be made ofthecost per message, but the various 
items which have rendered other printing telegraphs too cumber- 
some or expensive for general commercial use are here conspicuous- 
ly absent. The whole receiving and printing part of themechanism 
can be easily heldin the hand or carried in one’s pocket. Asidefrom 
the paper drive and the power circuits there are only five moving 
parts and they consist of stiff flat springs rigidly attached to the 
frame. The movement of each is less than 1 /25 of an inch 
(one mm.) and there is no possibility of their getting out of order 
or needing adjustment. If the paper drive is started by a line 
impulse from the transmitter, a message could be received without 
the necessity of an attendant ever being present. The receiver, 
due to its extreme simplicity and entire absence of delicate parts, 
would have its first cost considerably less than that of a single 
sensitive relay. The cost of maintenance and operation will 
obviously be reduced to a minimum, since on account of its 
simplicity and speed the number of attendants and their in- 
dividual skill will be far less than at present needed. Of the 
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entire system, the most complex part as well as the most ex- 
pensive is the commercial typewriter. Itisnotalteredinany way, 
and if large users of the telegraph should themselves prepare 
the transmitting rolls the typewriters would be available at other 
times for general office purposes. 

The widespread interest in and need for a cheaper telegraph 
service should undoubtedly lead to the adoption of some machine 
method of telegraphy which would make possible a large reduc- 
tion in telegraph tolls. 
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Discussion on “‘A HiGH-SpEED PRINTING TELEGRAPH Sys- 
TEM” (KINSLEY), Detroit, Micu., June 26, 1914. 


C. R. Underhill: Mr. Kinsley is certainly to be congratu- 
lated on the very ingenious device which he has brought out, 
and I must say that it is one of the most surprising forms of 
high-speed printing telegraph instruments which have come to 
my notice. It seems, however, that it is necessary to use 
two wires and ground, which makes the line expensive, particu- 
larly since the machine is designed, I presume, for long-distance 
transmission, as that would be the service in which it would 
apparently have its greatest value, but the use of two wires may 
not be so detrimental as at first appears. Probably one great 
reason why the printing telegraph has not been adopted more 
in this country as compared with European countries is because 
in foreign countries the telegraph is used for letter-writing. 
Abroad, I understand that it is customary to send a telegram 
instead of a letter, and for that reason the traffic is increased 
and the price is brought down. ; 

Some years ago, in 1904, I brought out a printing telegraph 
which has never been made public except through the patent 
offices of the world, and which has been kept quiescent for cer- 
tain reasons which need not be mentioned. My object in bring- 
ing out this telegraph instrument was based on the fact that the 
Morse system is in universal use not only in this country, but 
abroad, not only for short distances, but for great distances, 
both for wire and wireless telegraphy, and might be called the 
universal telegraph system. This instrument to which I refer 
was so designed that it would print in English characters on a 
tape, something like a stock “ticker”, that is, it would trans- 
late from the dots and dashes of the Morse code into type. 
I had a great deal of difficulty on account of certain letters in 
the Morse code, 7.e., C,O,R,Y,Z. I had no difficulty in mak- 
ing it work on the Continental or Universal code. 

There is a point I wish to bring up in connection with the 
introduction of a machine of this character. The telegraph 
companies of the United States and Canada are very slow in 
adopting the Continental or Universal code, although it is used 
abroad, and in the wireless field. It is not unusual for operators 
to receive messages in the Continental code and send them out 
again in the Morse code. On the long trans-continental lines 
they do use the Continental code, to a certain extent. It has 
been shown that operators in the wireless field readily learn 
the Continental code, although accustomed to the Morse code, 
yet the telegraph companies will not adopt it. There seems 
to be some inertia there. 

I would like to ask what effect the line leakages due to weather 
have on this instrument. Although Mr. Kinsley stated there 
is no local battery, I understand a local battery has to be used 
for holding up the armature, as he explained. I would like to 
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know whether a careful balance has to be maintained in the 
magnets. We know the quadruplex will not work well when- 
ever there is considerable leakage on the line on account of the 
weather. I would like to know how line leakage affects these 
magnets, and whether adjustments have to be made, locally, 
when the line current varies. 

My experience with the telegraph instrument I mentioned 
has, I think, an important bearing on the introduction of a 
machine of this kind. I took it before the high officials of one 
of the large telegraph companies. They received it very nicely 
and said it was a very ingenious device, etc., but they led me 
into the operating room and showed me a man sitting before 
a resonator, with a sounder in it, the man operating a type- 
writer and taking the matter down at the rate of about thirty- 
five words a minute. The official said, ‘“You watch that opera- 
tor.”” By chance the operator “broke,” took the paper out of 
the typewriter, made a correction on it, put it back and started 
typewriting again at the rate of about one hundred words a 
minute. During this interval he was storing the message in 
his head. The official said, ‘‘You bring us a machine that will 
dispense with the operator, and we will put it in.” 

In connection with the matter of the two wires, I wish to add 
that one of the officials, in speaking of the capacity in connec- 
tion with any machine, said, “Whenever further capacity is 
needed, we have plenty of wires running between New York and 
Chicago, and all we have to do is to tap in on another wire.” 
It may be in a case like that, since they have so many wires, 
it makes no difference whether you use a single wire or three 
wires at a time. Incidentally, I might add that a code system 
like the Morse or Continental is applicable both to wire and 
wireless, whereas I know of no other system which can be ap- 
plied to both. I have made my system work on the wireless. 

Ralph W. Pope: I was particularly struck with the novelty 
and ingenuity of the system proposed by Mr. Kinsley. It takes 
me back to the time when there were objections raised to the 
printing systems then in use. I first learned to operate the 
Hughes printing telegraph in 1858, and learned the Morse as 
a side issue and for amusement. What was amusement then 
became business thereafter, for the printing instruments were 
gradually discarded. In the days of the printers, the first be- 
ing the House, followed by the Hughes, we were very careful 
about sending out good copy, that was perfectly legible and 
could be read without difficulty by any one. The House ma- 
chine was inferior in this respect, for the reason that instead of 
printing direct from the type it made an impression through a 
carbon tape onto the paper, and the fine lines of the letters 
were somewhat blurred and the copy looked smutty, but still 
it was very good if the tape was kept in good order. The Hughes 
printer, which followed, printed directly from steel engraved 
letters, the same as the ordinary type used in printing a news- 
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paper, while the House was similar to the carbon tape on the 
typewriter. You see we have made considerable improvements, 
in that the result of a carbon tape today is better than that we 
used to get from the House printing tape years ago. Legibility, 
then, was one of the desirable things, but there was another 
important feature, important in a negative sense—business men 
did not like the tape, for the reason that it was not the proper 
kind of a document to file away, and when I was a private sec- 
retary and received these tape telegrams in the course of 
business, one of the jobs of the office boy was to tear the tape 
into pieces five or six inches long and paste them on a sheet, 
so that we could file them away. In those days, as I recall, 
no effort was made towards producing the “page printer,’”’ but 
today we have page printers. The type wheel shifts along on 
the shaft, and when it comes to the end of a line it goes back. 
I am not familiar enough with the experiments of Mr. Kinsley 
to know whether he has undertaken anything of that kind. 

We come then, to this question of legibility, and I notice in 
the paper the author says that the letters and figures can be made 
more perfect by the use of a sixth element. In the samples 
presented by Mr. Kinsley it does not seem to me that the 
figures, more especially, are sufficiently distinct. Figures in a 
telegram are quite important; I do not refer so much to figures 
in the body of the message, making errors in reading quotations, 
for instance, but in the addresses on messages; and the number 
on the street is not so important as the number of the street 
itself. Because, if you have a telegram addressed to the right 
street you are quite likely to find the right number. I have 
noticed the figures 168, as they appear on this slip. In Wash- 
ington, that might be read, possibly, 16 B street, or in New 
York it might be read, instead of 168th street, 108th street, not 
by an expert, but by the boy who addresses the envelope. So 
that it appears to me that the figures should be so perfect that 
there is no possibility of there being errors made in reading 
them. That is, as you will see, more important than the matter 
of letters. 

For more than forty years, experimenting has been going on 
with systems of rapid telegraphy. That has always meant the 
preparation of the message in advance by perforating paper, 
and running it through rapidly, in order to get this high speed 
of 650 words a minute. That means that the sending matter 
must be divided up amongst a few ‘‘punchers,”’ as they are called, 
whereas with the Kinsley instrument, when the message is 
ready for delivery, it has gone through no other process at the 
receiving end, and the tape is supposed to be ready to deliver. 
That has not been the case heretofore with these received mes- 
sages, they had to be divided up and recopied, on the same 
principle that they were divided up for punching. While itis 
desirable, perhaps, to get this high rate of speed, there is another 
question to be considered, which was brought to my attention 
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by Sir William Preece at our meeting in April, 1907, when we 
discussed the Rowland printing telegraph. Sir William said 
that one of the difficulties they had with these fast systems in 
England was to get business enough to work the system up to 
its capacity. There were only a few through trunk lines between 
London and Liverpool, and London and Glasgow, perhaps, where 
they could work these fast systems economically, for the reason 
they would run out of business and would have to wait for more. 

I consider that telegraphy, when you recognize its value, is 
one of the cheapest things we have, but the average individual 
rarely sends a telegram on his private account. It is only the 
great business houses, especially brokerage houses in the 
large cities, which spend such large amounts in telegraphing. 
I have gone sometimes from one year’s end to the other without 
sending a private telegram, but that is more especially the case 
since we have had the telephone. So that the cost of tele- 
graphing is a very small item in the expenses of the average 
consumer. 

Years ago I wrote an editorial on this subject, and took for 
my text the cost per ton of making stoves in Troy. I happened 
to run across this list of items that went to make up the cost 
of a ton of stoves—so much for iron, so much for labor, and so 
on, running up, as I recall it, to about $80 a ton, while for post- 
age and telegraphing, which were lumped together, it was $1 
in the cost of a ton of stoves, and bad debts were placed at $2, 
so that really this amount of bad debts was double the cost of 
telegrams and letters. 

I have always maintained that telegraphing should not be 
cheapened. This also was an argument put forward by Mr. 
Swain, who was one of the officers of the first telegraph com- 
pany in the country, I think, at Philadelphia, when he said 
they were making a mistake in trying to cheapen the work of 
the telegraph. 

Before typewriters were used it was considered necessary 
that every operator should write a clear hand, not necessarily 
handsome, but plain. It is now obligatory, in most offices, to 
use a typewriter for transcribing messages instead of longhand. 
So, we have seen an evolution, even in the simple Morse, first 
from the use of a metal type notched, for transmitting purposes, 
set up in a stick and run along, because the inventor thought 
the operator could not make the signals plainly enough. Then 
we went to the key sending and received messages on the tape. 
Then the embossing register was discarded, when the operators 
discovered they could read the signals by sound and do it much 
more quickly, and more accurately, and keep up with the 
sender. That is one thing you lose in any system of the kind 
under discussion, you lose that time which is required in punch- 
ing the tape. In receiving by sound, ordinarily the operator 
is close up with the sounder; to be sure, as the previous speaker 
has said, they may lag behind for a dozen words, and catch up 
later—that is one of the peculiar features of Morse telegraph- 
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ing, the ability of the operators to carry along, some of them 
twelve or twenty-five words, perhaps, behind the sounder and 
keep these words in memory, while they are turning their 
carbon sheets, or putting in fresh carbon sheets, and the various 
other details which are necessary. That is what I used to do 
when I had to wait on myself and was fixing up carbon sheets 
for three copies. While I was doing that, the sounder was going 
on, and when I began the next page I would be a dozen words 
behind and then would catch up, and be ready to change the 
next page. 

I was speaking of the evolution of the Morse simply by the 
practical experience and growing skill of the operators. I 
might say there was always a rivalry between the sending opera- 
tor and the receiving operator, as to which could work the 
faster, whether the sending operator could send faster than the 
receiving operator could receive it, and it was about neck and 
neck until the typewriter operator arrived. When the type- 
writer came, the receiving operator had it all his own way, he 
could almost take a nap in between times, because he could take 
ten or fifteen words more per minute more than the sending 
operator could send. 

What has happened now? The telegraph company has 
eliminated all of the conventional signals, formerly required 
in sending messages. They used to put “ahr” for “another,” 
and “fm” for “from’’ on our messages. Now, the company, 
to save time, has eliminated these things, and the receiving opera- 
tor must be still more expert, becatise he has no breathing spell. 
As the operators found they could receive much faster with the 
typewriter, the company said, ‘If you can receive so much better 
by typewriter, you must all do it.” So they all do it. The 
typewriter is in practically universal use today. 

We have seen that the receiving operator has more leeway 
with the use of the typewriter, but in press reports the Phillips 
code is used by the sender. The Phillips code is an authorized 
system of abbreviation. This does not apply to the ordinary 
messages, which are not allowed to be abbreviated. I will give 
this instance of one word—“‘scotus.” This means the Supreme 
Court of the United States. When a man receives the word 
“scotus”’ over the wire, on his typewriter he must write out the 
words “‘the Supreme Court of the United States.” That is 
rather an extreme instance, but it is an example—“scotus” is 
made up of the initials of the words. The code is copyrighted 
by Walter P. Phillips, the inventor, and is published in book 

orm. 

A word about the present Morse alphabet. It is a very 
simple matter for an operator to send or receive by either code 
if he is familiar with them, just as it is easy for Mr. Mailloux, 
for instance, to state a proposition in nine different languages, 
so that it is simply a question first, of the Morse operator learn- 
ing the Continental code, as it is called, which is a very simple 
matter. It is now required in the wireless service. It would 
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probably only be necessary for the telegraph companies to say 
that after a certain date, the first of October, for instance, the 
Universal alphabet shall be used instead of the Morse. But 
the question of superiority is not quite settled. When the old 
Bain chemical telegraph, which was a rival of the Morse, was in 
operation, the Bain alphabet was used, which by many was 
considered superior to the Morse, and there were many operators, 
especially in New England, who knew both alphabets. The 
Bain code is now obsolete. 

There is one more question I want to ask of theauthor. Fig. 7 
shows that the dots used for ‘‘C” and the dots used for ‘‘G” 
are practically the same, in the case of “‘“G”’ there being one added, 
and the same combination of double dots appears in the case 
of “D.” I was a little at a loss to know how the combination 
came in “I,” because the curve is reversed, and I am not certain 
whether it is possible to reverse the curve or not. 

George S. Macomber: I think we should congratulate Mr. 
Kinsley on his very happy and novel combination of inventions. 
It seems to me that almost all inventions of this kind are really 
new combinations of things known before.. In the present 
case we have a type printer operated by electromagnets, com- 
bined with an electrochemical telegraph recorder. 

All high-speed telegraph recorders may be divided into two 
general classes, electromagnetic and electrochemical. We have 
three sub-classes of electromagnetic recorders: (a) those oper- 
ated by non-timed step-by-step mechanism, as in the case of the 
various ‘‘tickers’’; (b) those operated by synchronous motors, 
as in the case of the Hughes, the Phelps, the Baudot, and the 
Rowland printers, and (c) those operated by non-synchronous 
timed impulses, as in the case of the Morkrum printer, in which 
six electromagnets are successively and automatically operated 
at definite time intervals after the first or starting impulse is 
received, and in which the various letter combinations are de- 
termined by the arrival or absence of positive or negative cur- 
rent impulses at the receiver as each of the timed magnets 
respectively operates. We have two sub-classes of electrochemical 
telegraph recorders: (a) those using unidirectional current, as 
in the early Bain two-wire telegraph; and (b) those using both 
positive and negative line current impulses, as in the Foote and 
Randall and the Delany telegraphs. 

Mr. Kinsley’s telegraph uses a perforated tape with five rows 
of perforations somewhat like that of the Pollak-Virag tele- 
graph tape; a transmitter which sends both positive and nega- 
tive current impulses over the line as did that of Foote and 
Randall; a two-wire transmission line as did the first Bain sys- 
tem; and a chemically prepared tape, similar to that used by 
Bain and Delany, in a. recorder so arranged as to make, elec- 
trochemically, successive lines so placed on the tape as to form 
or at least imitate type print. 

I want to ask Mr. Kinsley how many unit time intervals are 
required, on the average, by his recorder, per letter. It appears 
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from Fig. 7 that some letters, as, for example, ‘‘B,’”? must re- 
quire more time than other letters, such as ‘‘I”’. 

I wish also to record a correction of the generally accepted 
notion that Alexander Bain was the first to produce a chemical 
telegraph recorder, for as early as 1828, Harrison W. Dyer built 
an electrochemical telegraph recorder and operated it over a 
line several miles long. ' 

Carl Kinsley: In answering the first question, in regard to 
leakage and difficulty of balancing, since there is no battery at 
the receiving end which takes part in the operation of the line 
current, the battery at the receiving end merely magnetizes 
the local circuit. In the sending end, is the only battery which 
takes part in the operation of the line. In instruments with 
a neutral relay, such as the Edison quadruplex, half a dozen 
different operations have to be gone through with in order to 
receive one signal, to quote from “‘American Telegraphy,”’ by 
William Maver, Jr., (New York, 1903; page 198):—‘‘it is quite 
demonstrable that during the making of a dash on the neutral 
relay at one station the distant pole-changer may reverse its 
battery several times; the home pole-changer may do likewise 
and the home transmitter may increase and decrease the elec- 
tromotive force of the home battery, repeatedly. At the same 
time, and, of course, as a result of the foregoing actions, the 
home neutral relay may have had its magnetism reversed several 
times, and the signal will have been made, partly by the home 
battery, partly by the distant and home batteries combined: 
partly with current on the main line, partly without: partly 
by the main line ‘static’ current, and partly by the condenser 
current, and yet on a well-adjusted circuit it will have been 
heard on the quadruplex sounder as clearly as any dash on an 
ordinary ‘city line’ sounder.”’ 

There is nothing of that kind in connection with this instru- 
ment. There is merely a positive and negative to line from 
the transmitter, and it works one particular element, or in one 
case two elements, and tends to hold up the other one on the 
line, because these elements are in series with each other; con- 
sequently there is no difficulty—any line that is good enough 
to operate a polarized relay will operate this with current less 
than is necessary with the usual polarized relay, because the 
operating energy does not go over the line; the operating energy 
is supplied largely by the local circuit, and what goes over the 
line is merely enough to upset the balance between the local 
magnetic circuit and the tension on the spring. 

C. R. Underhill: In case of leakage, could you get enough 
current to operate satisfactorily? 

Carl Kinsley: You can get all that you can from any tele- 
graph line for operating any relay. There is a point where all 
telegraph lines break down. 

C.R. Underhill: Does that come from that kind of balance— 
in case you had plenty of current, or very little current, would 
it have to be adjusted to balance? P 
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Carl Kinsley: There is no balancing on the line in that sense. 
You merely have to arrange the instrument so that it will al- 
ways operate when the current reaches a minimum value, and 
it will operate for any value above that. There is no margin 
of working in that sense. 

In regard to the use of six elements, I like the five better, as 
being more simple to operate. The sixth element will give, 
possibly, some increase in the beauty of the alphabet, because 
there can be made certain distinctions with six which cannot 
be made with five, but, in my opinion, the alphabet made with 
five elements is perfectly legible. However, if for any reason 
the five-element method is not sufficiently graceful, then it is 
possible to use the sixth. As a matter of fact, four elements 
have been used, and give a legible alphabet to readers familiar 
with its use but it lacks the characteristic of being familiar 
to all. 

In regard to Fig. 7, it was suggested that “C’”’ differs from 
“G”’ in that there is a second use of the lower half of the vertical 
line in “G”. How that differs from “O” is that there is no 
second use of the upper half of the vertical line. In the “G” 
the currents are first positive and then negative over one line, 
second positive and then negative over the other line, the nega- 
tive following immediately after positive, and then a wait, 
and then another negative over the second line. Sometimes 
there are two impulses in the same direction following each 
other, but they are followed in the next vertical line by positive 
and negative. There is no building up of charge in the line, 
and it has been found that the line can handle two, where it 
cannot handle five successive impulses in the same direction. 
This system keeps the line clear for each succeeding letter, 
starting as it does with positive and negative, which has the 
effect of clearing the line. 

There was another question, I think by the following speaker, 
asking how many impulses were taken per letter—he said how 
many ‘‘time impulses;”’ I think he meant how many impulses 
per letter. That varies with the letter. The time element 
enters into this system—a certain time must be allowed for the 
receiving tape to get away before printing the succeeding letter. 
It does not make any difference how many impulses are sent 
in making a certain letter. The time allowed for a single letter 
is sufficient for twelve time impulses. As a matter of fact the 
number of current impulses in that time may only be three or 
four, but sufficient time must be allowed for the paper to clear. 
It does not increase the speed to have fewer current impulses, 
since it is necessary to allow a certain time interval to elapse 
to give room for the next letter. Twelve time intervals will 
give sufficient space, and inside of that time there can be as 
many current impulses as you please, since the positive and 
negative follow each other and keep the line clear. 
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TOLL TELEPHONE TRAFFIC 
An Experimental Study of the Relationship between Circuit 
Loads and Delay to Traffic 


BY FRANK F. FOWLE 


ABSTRACT OF PAPER 


Experiments are described to determine the relationship be- 
tween telephone circuit loads and the corresponding delay to 
traffic. The operating methods employed and the number of 
circuits available determine in general the number of messages 
per day which can be handled over a single toll circuit. The 
average delay to traffic obviously depends upon the number of 
messages per circuit per day, or the circuit loads. With a given 
load factor, increase in the circuit loads will increase the average 
delay to traffic. At the sametimethe revenue per circuit mile 
will correspondingly increase. The practical limit, however, is 
approached when the delays to traffic reach a point where the 
service is unsatisfactory. The results of the experiments de- 
scribed illustrate the fact that increasing circuit loads increase 
the delay to traffic, and vice versa. The revenue per circuit 
mile is directly proportional to the product of the circuit load 
and the toll rate per minute-mile; consequently the relationship 
between the quality of service and the toll rate is generally 
obvious, assuming a certain rate of return on the plant invest- 
ment. 


HE NUMBER of telephone messages per day which can be 
handled over a single toll circuit, as is well known, depends 
upon several considerations. Chief among these are the opera- 
ting method employed and the number of circuits required to 
handle the total traffic between the given terminals. A com- 
plete dissertation upon toll operating methods would extend far 
beyond the scope of the present paper, and only the simplest 
or fundamental methods will be mentioned. The earliest 
method, and one still used to a great extent in handling small 
volumes of traffic, is the direct ring-down, in-and-out ticket 
(or two-ticket) method. In this method the operators signal 
each other direct, over the talking or message circuit, by ring- 
ing in the usual manner; the outward operator makes a complete 
ticket, and times and supervises the connection; the inward 
operator also makes a duplicate ticket, but does not time the 
connection. This method has been materially improved by 
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eliminating the inward ticket, and by having the outward opera- 
tor deal directly with the called party at the destination instead 
of through the intermediary of an inward operator who repeats 
the details back to the outward operator. In some cases the 
last method has been modified to the extent of having the in- 
ward operator make a memorandum ticket or so-called skeleton 
ticket, for checking purposes, but this is usually eliminated if 
possible. Other operating methods, special in their nature, 
apply when the volume of traffic is very large, but do not come 
within the scope of the present discussion. 

It is not necessary to dwell at length upon the fact that the 
number of messages per day, per circuit, increases (other factors 
being the same) as the volume of traffic and the number of cir- 
‘ cuits operated in one group to handle it also increase. That 
is, the circuit efficiency increases as the number of circuits or 
trunks in a group increases, and more messages per circuit, per 
day, can be handled in a large group than a small one, with the 
same average delay to traffic and equal load factors. 

The effects of the operating method and the size of the trunk. 
group upon the circuit loads (messages per circuit per day) are 
usually discussed from the standpoint of a certain fixed quality 
of service, that is, a certain average delay to traffic which is main- 
tained asa standard. This period of delay is generally accepted 
as the interval from the time the calling subscriber gives his 
call to the recording operator, until the line operator establishes 
the connection or returns a definite report in regard to the 
called party. It seems fairly obvious, however, that there must 
be some definite relation between the circuit loads and the 
average delay to traffic. In other words, with a constant load 
factor, the effect of increasing the circuit loads will be to in- 
crease the average delay to traffic; at the same time the toll 
revenue per circuit-mile will correspondingly increase. Natur- 
ally a limit will be approached when the traffic is delayed to 
such an extent that subscribers complain of the delay and a 
loss of business is threatened. 

This relationship between circuit loads (traffic density per 
circuit) and average delay to traffic, if not already clear, can be 
illustrated by a simple analogy with railway transportation. 
Given a fixed volume of traffic (passenger or freight) to be trans- 
ported, the delays in traffic movement will be least when the 
train service is as frequent as it is possible to arrange it; but 
unless the volume of traffic is very large, the train loads may 
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not be large enough to produce an adequate net revenue per 
train-mile. In order to increase the train loads to a point 
where the operating revenue per train-mile will exceed the cost 
by a reasonably profitable margin, it will perhaps be necessary 
to resort to less frequent train service. This implies a longer 
average interval between trains, and consequently a longer 
average period of waiting or delay before the traffic is moved. 
The parallels in the analogy are between the number of trains 
and the number of toll circuits, between train loads and circuit 
loads, and between delays to railway traffic and to toll traffic, 
a fixed volume of traffic in each case being assumed. 

The general problem is therefore one of the highest com- 
mercial importance, since it is perfectly obvious that under a 
given schedule of toll rates there is a certain standard of service 
which cannot be exceeded without the sacrifice of profits, and 


Fic. 1—PorTION oF A TOLL SySTEM—TOLL CENTERS AT A AND B 


the faster the service as a whole the higher must be the rates 
for the same percentage of profit. It is not at all the intent in 
this paper to reach any conclusions as to the commercial side 
of the question, but simply to present certain experimental 
data bearing on the general principle. 


Layout oF EXPERIMENTAL CIRCUITS 


The general layout of the toll lines used in the experiments 
here described is shown in Fig. 1. The group of circuits upon 
which the experiments were made extended between A and B, 
the latter representing two toll offices, or toll centers. The 
greater portion of the traffic either originated at A and terminated 
at B or vice versa. The remainder of the traffic was of a through 
(instead of terminal) character, necessitating the use of tandem 
circuits. For example, a call originating at A and destined for 
b. or some point beyond, would have to be switched at B; in 
some cases the call would be passed to the operator at B, who 
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would take the details and record them on a through ticket, 
and then pass the call to be, while in other cases the operator 
at B would connect the line through to b2 and the operator at 
A would pass the call to the operator at by. The entire traffic 
passing over the group of circuits between A and B can be clas- 
sified as follows, for convenience. 


TABLE I 
CLASSIFICATION OF TRAFFIC OVER GROUP OF CIRCUITS BETWEEN A AND BIn FIG, 1. 


AtoB ; Class 1 
BtoA 
A to by or be or b3 ’ Class 2 


B to ay or a2 or a3 


a1 or dg or ag to B Class 3 
bi or bg or b3 to A 


@, or ag or a3 to by or bg or bg Class 4 
by or bg or bg to ay or ag or a3 


Normally there were six circuits between A and B; this num- 
ber was reduced successively to five and then to four, operating 
for several days under each of the last two conditions in order 
to secure reliable test data. A study of the traffic was then 
made from the tickets, excluding any days such as Sunday or 
Saturday when the traffic is not normal, and also excluding any 
days when there was any wire trouble on any of the circuits in 
the group. Of course it should be understood that the through 
traffic did not necessarily originate or terminate at the first 
office beyond A or B, but in some cases involved offices reached 
by two or more switches. 


SUMMARIES OF-TEsT DATA 


The operating method employed in handling the terminal 
business (class 1 traffic) between A and B (Fig. 1) was the direct 
ring-down, single-ticket method, while all other traffic was 
handled by the double-ticket method. The through business 
was handled in some instances by means of relays, or through 
tickets at the switching point, and in other cases by straight 
switches (no ticket). 

The summary of results is presented in Table II. 'Recapit- 
ulating, the class 1 traffic is the terminal business between A 
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and B (Fig. 1), the class 2 traffic is the through business orig- 
inating at A and B, the class 3 traffic is the through business 
terminating at A and B, and the class 4 traffic is the through 
business to and from points beyond A and B but passing over 
the circuits between the latter. There was no simple way of 
determining whether each through switch’ at A and B was set 
up for the transmission of a message, but in general the number 
of switches exceeds the corresponding number of messages and 
it was arbitrarily assumed that there was one message for 
every two switches. The average duration of a message was 
approximately four minutes. The rate schedule in force was 
the same throughout each 24-hour period. 

Table III shows a summary of lost and delayed business, 
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TIONSHIP BETWEEN CIRCUIT LOADS OF TOLL TRAFFIC 


AND AVERAGE DELAY TO TRAFFIC 
Curve (1) for terminal business. 
Curve (2) for originating through business. 


for the same periods as represented in Table II. In all cases 
the traffic figures represent one day’s business, being an average 
of several day’s business, as indicated in the last column in 
Table IT. 


Discussion or RESULTS 


The relationship between the average delay to terminal 
business (class 1 traffic) and the circuit loads is plotted in curve 
(1), Fig. 2; the similar relationship for the originating through 
business (class 2 traffic) is plotted in curve (2), Fig. 2. The 
underlying data are taken from Table II. These curves bring 
out forcibly the general conclusion of the paper, namely, that 
increasing circuit loads are accompanied by increased average 
delay to traffic. For example, taking the terminal (class 1) 
traffic, five-minute service corresponds to a citcuit load of 21 
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messages per circuit per day, in a group of about 8 circuits; 
six-minute service corresponds to a circuit load of 24 messages 
per circuit per day, in a group of about 7 circuits; seven-minute 
service corresponds to a load of about 27 messages, eight- 
minute service to 30 messages, ten-minute service to 35 messages, 
etc. The following Table IV was prepared in this manner from 
curve (1), Fig. 2; this of course is based primarily on handling 
a substantially constant volume of traffic. 


TABLE Ill 
SumMaRY oF Lost AND DELAYED BUSINESS. 
{ : Number of 
Per cent of Number of Average no- calls lost on 
Number originating calls delayed by] circuit delay, on | account of ‘‘no 
of circuits calls (A and B) |‘‘nocircuit’’con-| delayed calls circuit” 
in use lost ditions (min.) conditions 
6 18% 25 11.8 None 
5 17% 62 12.9 z 
4 21% 99 16.9 1 


TABLE IV 
' 
Circuit Loaps FOR VARIOUS GRADES OF SERVICE WITH CONSTANT VOLUME OF 
TRAFFIC AND A GROUP OF 4 TO 8 Circuits 


Average delay to ter- | Circuit loads in total 
minal traffic (min). messages per circuit 

per day 

Bie) See 
5 21 
6 24 
7 27 
8 30 
9 33 

10 35 

11 37 

12 

13 

14 

15 


39 
41 
42 
44 


The volume of class 3 traffic, Table IT, is so small that the data 
on average delay are unreliable. This is more obvious by 
reference to a typical load curve, Fig. 3. Evidently there is 
a large probability that these relatively few class 3 messages 
were handled during some other period than the peak, or the 
“busy hour; ”’ and in such case the delay would be less, owing 
to lighter loads on the circuits. The same is true of class 4 
traffic. The daily load factor was in the vicinity of 30 per cent. 

The delay to originating through business (class 2 traffic), 
destined to scattered points to which the business did not justify 
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individual direct circuits, is shown in curve (2), Figt 2) OF 
course this delay can be minimized by eliminating .relay tickets 
at switching points and substituting straight switches. 

The use of averages, particularly in reference to the delays 
to traffic, does not convey complete information as to the char- 
acter of service, since some of the calls will inevitably be delayed 
longer than the average, and others less. In order to bring 
out fully the quality or speed of toll service it is desirable to 
resort to curves of the type shown in Fig. 4. These curves 
show the percentage of calls handled with a given delay, or less, 
and therefore reveal the extremes. The three curves there 
shown give in more detail the grade of service obtained during 
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Fic. 4—PERCENTAGE oF TERMINAL TRAFFIC HANDLED WITHIN A GIVEN 
INTERVAL oR LEss 


the tests whose results are recorded in Table II. Each of these 
curves applies only to the terminal business, or class 1 traffic : 
the average delay in each case may be found in Table IT. 

The results given in the paper, although they apply specifi- 
cally to conditions which do not differ widely from those de- 
scribed, nevertheless serve to illustrate the fundamental prin- 
ciple that increasing circuit loads increase the delay to service, 
and vice versa. The revenue per circuit-mile per day, or per 
annum, is directly proportional to the product of the circuit 
load and the toll rate per minute-mile. Consequently the re- 
lationship between the quality of service and the toll rate sched- 
ule is in general an obvious one, assuming of course that a cer- 
tain fixed percentage of return on the plant investment is main- 
tained in all cases. 
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Discussion on ‘‘ Tot TELEPHONE TRAFFIC” (Fow LE), DeE- 
rroit, Micu., JuNE 26, 1914. 


J. Lloyd Wayne, 3rd: I think this subject of telephone toll 
traffic is very close to the heart of every operating telephone 
man and it is certainly to be appreciated if we can bring before 
the public the fact that speed costs money. The telephone 
message being largely intangible, the general public is apt to 
get the idea that it does not make any difference in your cost of 
operation whether you get the connection through quickly or 
slowly. The telephone user is liable to forget the simultaneous 
demands of the many other telephone users. This paper brings 
out evidence of the practical necessity of lining up the toll calls 
in the order of receipt, if rates and earnings on the plant invest- 
ment are to bereasonable. Every toll telephone plant represent- 
ing a large investment may be likened to a transmission plant 
subject to very high peak loads. A large part of the day the 
plant is not carrying anywhere near its capacity and at other 
parts of the day it may be subject to overload demands. Un- 
fortunately these busy or overload periods occur at the hour 
when business is at its height and thus at the time when speed 
means the most to the patron. 

Again, with our telephone toll plant the revenue is based on 
the productive time. Furthermore, with each short period 
of production we must necessarily have a nonproductive time 
during which the circuit must be built up from the calling 
party to his correspondent. It is as though we had a 
power transmission line, the revenue from which is derived 
from the number of minutes of useful production of a motor 
load at one end, it being necessary to stop and start both 
generator and motor, free of charge, before and after each 
useful run. It is very evident that the less this nonproductive 
time, especially at busy periods, the greater the number of 
messages that can be handled. Mention is made in the paper of 
the single-ticket and two-ticket methods. The former method 
cuts down the nonproductive time and gets the business over the 
line more quickly. However, with the two-ticket method there 
is a record of the message at two points and thus there is less 
liability of losing track of completed calls. 

The paper calls attention to the fact that with a certain 
average speed of service, some of the calls will be handled con- 
siderably more slowly than the average. Thisis clearly shown 
by comparing the curves in Fig. 2 and Fig. 4. The middle curve 
of Fig. 4 represents approximately 40 messages pet circuit. 
Now if you will observe curve 2, you will find that at. this rate the 
average speed of service as shown by the abscissa 1s 12 minutes, 
while the maximum delay shown on the middle curve of Fig. 4 
is some 30 minutes, or two and one-half times this. It is well 
recognized that speedy service is a good advertisement and re- 
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sults in the filing of many messages which would not otherwise 
be offered. In devising a telephone toll plant we must con- 
tinually have in mind the proper balance between (1) the number 
of messages to be handled, that is, number of paid minutes 
per day, (2) the necessary speed of service, (3) practicable rates, 
and (4) the corresponding number of circuits required, that is, 
the plant investment. 
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THE EFFECT OF DELTA AND STAR CONNECTIONS 
UPON TRANSFORMER WAVE FORMS 


LESLIE F. CURTIS 


ABSTRACT OF PAPER 


The purpose of the paper is to show the distortions resulting 
from different symmetrical three-phase connections of generator 
and transformers without transmission line, as dependent upon 
eae ators: cycle and the admittance of the transformers at 
no-load. 

Tests were made with the oscillograph to show the no-load 
exciting current and voltage waves of three single-phase step- 
up transformers when the windings of the generator and both 
sides of the transformers were connected in all possible sym- 
metrical delta and star relations. 

Tests are divided into four groups, according to the connec- 
tion of the generator. In all cases normal low-tension line 
voltage was held, but voltage and current measurements were 
considered less important than the recording of wave forms. 

Oscillograms are given in each case and the relations between 
the flux, voltage, exciting current, and the hysteresis cycle are 
shown in two instances. 

The author points out that the best voltage wave forms will, 
in general, be obtained with a star-connected generator and 
delta-star or star-delta connected transformers. 


INTRODUCTION 


i is well known that the method of connecting three-phase 
transformers, or single-phase transformers upon three-phase 
lines, influences the character of the potential and current 
waves, in that the type of connection limits the per cent of the 
harmonics of e.m.f. which may appear between lines and the 
per cent of the harmonics of current which may appear in any 
line. It is not the purpose of this paper to bring forth any 
new discoveries, but to present a series of wave forms, taken 
with the oscillograph, showing the wave distortions which are 
likely to occur in the different symmetrical three-phase con- 
nections. 

Oscillograms of potential and exciting current were taken at 
no-load upon three single-phase, 10-kw., 1100-110-volt, 60-cycle 
step-up transformers when connected in all possible combina- 
tions of delta and star. The generator used was a 7.5-kw., 
60-cycle machine, so arranged as to give the desired voltages 
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when connected either delta or star. It was thought that 
any distortions would be a maximum with the large trans- 
formers connected to the smaller generator at no-load. 

Throughout all of the tests the line voltage was held at 110 
when the transformers were connected in delta, and at 110 V3 
when the transformers were connected in star. 

Since the transformers were very nearly balanced, wave 
forms were not recorded upon all of the phases. 


TESTS WITH ONE TRANSFORMER 


Before investigating the wave forms with the  three- 
phase connections, an oscillogram of exciting current with 
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Fic. 2—POTENTIAL, FLUX AND CURRENT WaAvEs. SINGLE-PHASE 
CONNECTION 


a sine wave of e.m.f. was taken to determine the hysteresis 
cycle under normal conditions. This is shown in Fig. 1, 
Fig. 2 shows the voltage, flux and exciting current, and 


Fig. 3 the resulting hysteresis cycle scaled from the original 
oscillogram. 


TESTS WITH STAR-CONNECTED GENERATOR 


The next set of tests was run with the generator connected 
in star. This gave practically a sine wave of e.m.f. between 
lines, except when the reactions in the transformers introduced 
a fifth harmonic, 


1914] CURTIS: DELTA AND STAR CONNECTIONS 1275 


With a star-star connection of transformers, the wave of 
exciting current is as in Fig. 4. Since no third harmonic can 
exist in the exciting current, one must appear in the transformer 
voltage, or the voltage to neutral, even though the line voltage 
remains a sine wave, because of the definite shape of the hyster- 
esis cycle. This is shown in Fig. 5. 

Fig. 6 shows the voltage, flux and exciting-current relations 
for the above connection. The hysteresis cycle is plotted in 
Fig. 3, showing the same general shape as for the sine wave 
of flux, but being smaller in area. = 

For the above test, normal line voltage (110 /3 volts) was 


AMPERES 
Fic. 3-H ysTERESIS CYCLES 


held, but owing to the change in wave shape, the voltage to 
neutral was 121.0. 

With one side of the transformers connected in delta, the 
third harmonic, which is lacking in the exciting current with 
the star-star connection, may flow in the closed delta. It 
appears only in the local transformer circuit. Fig. 7 shows 
the line current and the transformer current for a delta-star 
connection of windings. The admittance of the transformers 
is such that a fifth harmonic in excess of the amount demanded 
by the hysteresis cycle appears in the line and transformer 
currents. This causes a fifth harmonic to appear in the e.m.f. 
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waves, as is shown in Fig. 8. Curve 2 shows the characteristic 
flat-topped delta voltage, or high-tension voltage to neutral, 
for this connection. Curve 1 shows the high-tension line volt- 
age, which is peaked because of the vector difference of waves 
containing the fifth harmonie similar to that shown in Curve 2, 
120 deg. apart. 

It will be noted that the reaction causing this distortion 
originates in the transformers, since the wave of exciting current 
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is not materially different from that of the star-star connection 
which did not distort the generator voltage. 

Fig. 9 shows the exciting currents for a star-delta connection 
of transformers. The third harmonic of the exciting ampere- 
turns is now derived from the high-tension delta circuit. The 
low-tension line current contains an excess of the fifth harmonic 
as in the previous case, causing the same flat-topped wave of 
voltage to neutral or delta voltage as before. The trans- 
former and line voltages are given in Fig. 10. 

For a delta-delta connection of transformers, the voltage 
distortions are apt to be increased, due to the troublesome 
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Fic. 1—ExXciITING CURRENT AND POTENTIAL WAVES 


Single-phase connection. Curve 1, vcltage across transformer, 110.0 volts. Curve 2, 
exciting current, 2.00 amperes. 
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Fic. 4—ExciITING CURRENT WAVE 


Star-star-star connection. 
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Fic. 5—POTENTIAL WAVES 


Star-star-star connection. 


Curve 1, voltage to neutral, 121.0 volts. Cury 
age between lines, 190.3 volts. 


[CURTIS] 


Fic. 7—Excitinc CURRENT WAVES 


Star-delta-star connection. Curve 1, 
former current, 2.11 amperes, 


line current, 3.39 amperes. Curve 2, trans- 
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[CURTIS] 
Fic. 8—POTENTIAL WAVES 


Star-delta-star connection. Curve 1, line voltage 1924.0 volts. Curve 2, de , 
age 110.0 velts. . Ba Neen clia volt, 
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Fic. 9—EXcITING CURRENT WAVES 


Curve 1, delta current. 0.074 ampere. Curve 2, line 


Star-star-delta connection. 
current, 1.94 amperes. 
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Fic. 10—PoOTENTIAL WAVES 


Star-star-delta connection. Curve 1, voltage to neutral, 110.0 volts. Curve 2, line 
voltage, 190.3 volts. 
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Fic. 11—ExcitiInG CurRENT WAVES 


= ‘ 7m : : : 
Star-delta-delta connection, Curve 1, line current, 3.49 amperes. Curve 2, high- 


tension delta current, 0.068 ampere. Curve 3, low-tension delta current, 2.15 amperes. 
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[CURTIS] 
Fic. 12—PoTENTIAL WAVES 


Star-delta-delta connection. Curve 1, voltage to generator neutral, 63.8 volts. 
Curve 2, line voltage, 110.0 vclts. 
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FI 13—POTENTIAL WAVES 


Curve 1, voltage to neutral, 121.1 volts. Curve 2, line 


Delta-star-star connection. 2 
voltage, 190.3 volts. 
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Fic. 14—PoTENTIAL WAVES 


Delta-delta-star connection. Curve 1, line voltage, 1930.0 volts. Curve 2, delta 
voltage, 110.0 velts. 
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[CURTIS] 
Fic. 15—POoOTENTIAL WAVES 


Delta-star-delta connection. Curve 1, voltage to neutral, 110.1 volts. Curve 2, line 
voltage, 190.3 volts. 
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a [CURTIS] 
Fic. 16—PoOTENTIAL WAVES 


_ Delta-delta-delta ecnnection. Curve 1, low-tension voltage, 110.0 volts. Curve 2 
high-tension voltage, 1110.0 volts. ; 
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Fic. 17—ExXciTING CURRENT WAVES 


Star-neutral-star-star connection. Curve 1, neutral current, 1. res. Curve 2, 
line current, 1.99 amperes. 
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Fic. 18—PoOTENTIAL WAVES 


Star-neutral-star-star connecticn. Curve 1, voltage to neutral, 110.6 volts. Curve2, 
line voltage, 190.3 volts. 
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[CURTIS] 


Fic. 19—ExciTING CURRENT WAVES 


Star-neutral-star-delta connection. _Curve 1, neutral current, 3.55 amperes. Curve 2. 
delta current, 0.186 ampere. Curve 3, line current. 2.23 amperes. 
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Fic. 20—POTENTIAL WAVES 


Star-neutral-star-delta connection, Curve 1, voltage to neutral, 110.2 volts. Curve 2, 
line voltage, 190.3 volts. 
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fifth harmonics in the exciting circuits. The currents and 
voltages for this connection are shown in Figs. 11 and 12. 


TESTS wItH DELTA-CONNECTED GENERATOR 


With the generator connected in delta, the short-circuit 
third harmonic current in the armature produces a pulsation 
at six times the normal frequency in the field flux, which, in 
turn, introduces a fifth and a seventh harmonic in the armature 
voltage. Of these, the fifth is the more troublesome, produc- 
ing the familiar flat-topped wave of delta voltage. 

Distortions due to the transformer connections are super- 
imposed upon the generator wave. Figs. 13, 14, 15 and 16 
show the voltages of the banks of transformers connected in 
Star-star, delta-star, star-delta and delta-delta respectively, 
when excited from the delta-connected generator. The original 
wave form of the generator voltage is shown in Fig. 13, since 
the star-star connection of transformers does not distort the 
line voltage. 

TEsTs with CoNNECTED NEUTRAL 


When the generator and the low-tension side of the trans- 
formers are connected in star with connected neutral, the third 
harmonic components of the exciting current may return to 
the generator over the neutral, each phase constituting a single- 
phase circuit. 

The waves of exciting current for a Star-star bank of trans- 
formers with connection to the generator neutral are shown 
toe fige 87, The voltages are shown in Fig. 18, being very 
nearly sine waves. 

If the high-tension side is now placed in delta, there exists 
a short circuit of the unbalanced third harmonics in the three 
transformers. This causes an excessive third-harmonic current 
to flow over the neutral which reacts upon the generator flux 
in the same way as that in a delta-connected generator. This 
is shown in Fig. 19. A flat-topped wave of voltage to neutral 
and a peaked line voltage result, as shown in Fig. 20. 


PREFERABLE CONNECTIONS 
From the above results it is seen, from the standpoint of 
wave form, that the banks of transformers connected delta- 
Star, star-delta, or star-star with connected generator neutral 
give the best results. The latter connection would be ruled 
cut if dissimilar banks were to be operated in parallel. 
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Discussion on ‘“‘ THE Errect oF DELTA AND STAR CONNEC- 
TIONS UPON ‘TRANSFORMER WAVE Forms” (CurtTIs), 
SpoKANE, WASH., SEPTEMBER 9, 1914. 


P. M. Lincoln: We may represent a three-phase system as 
in this diagram, in which the figure ABC may be assumed to 
rotate around its center O. The instantaneous voltages will 
then be proportional to the lengths of the projections upon a 
line, as XX. For instance, at the instant represented in the 
figure the instantaneous voltage of leg AO is zero, that of phase 

CB is a maximum, and those of phases 
ie AB and AC are each one-half of the 
maximum, one increasing and the 
other decreasing. 
If we so represent a three-phase 
D system, we will find that a third 
harmonic in the leg voltages OA, OB 
and OC will have the effect of causing 

Cc 4 the neutral point O to rotate around 

the small circle D and the rate of 

rotation of the neutral around this 
x x. small circle will be three times that 

of the whole system around O. For 
instance, if we assume that the point A has advanced 10 deg., 
during the same time the neutral will have advanced 30 deg. 

The diameter of the small circle D is dependent upon the 
amount of third harmonic that enters the leg voltages OA, OB 
and OC. It is evident from this analysis that we may have 
any amount of third harmonic voltages in these leg voltages 
without having any third harmonic voltages in the phase volt- 
ages AB, AC or BC. This physical conception has enabled 
me to see this problem more clearly than otherwise and I pass 
it on for what it is worth. 

L. J. Corbett: The paper appeals to me as a very valuable 
one and one which requires a great deal of study. It brings to 
light some very interesting problems and I think this idea as 
given out by our president is very valuable. It is a new one to 
me. I thought at first he was referring to the unbalancing of 
load which has the effect of shifting the neutral on thts three- 
phase triangle. 

A. A. Miller: It seems to me that this question is open for 
discussion by the representatives present of the faculties of the 
several universities and also by the operating engineers. The 
effect of the oscillograph upon the ability which we have 
to diagnose these cases is very marked. Some half-dozen years 
ago there was absolutely nothing of the kind to assist us; the 
effects of the higher harmonics were guessed at and such results 
as were acquired, were obtained by means of curves which were 
plotted more or less from a theoretical basis. By means of this 
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highly sensitive instrument which we now have, we can see 
exactly what goes on in these circuits. 

E. G. Robinson, Jr.: What results are gotten with open- 
delta connections? I think that is a connection that a great 
many of us are using to start with on our transformers for 
power and light; and the question arises in my mind, what is 
really taking place in your transformers regarding the circulat- 
ing currents, the triple harmonics and the circulating current 
in the delta where this delta is Open; were these secured with 
a delta closed or the delta with one side open? I start with an 
open delta in my transformers and as my load increases, or my 
power load increases, I close my delta. I would like to have 
the author answer that question regarding the circulating cur- 
rents when using transformers with open delta. 

M.H. Gerry, Jr.: The old question has arisen of the relative 
advantages of delta and star connections for power transformers. 
No general conclusion has ever been reached in this matter, nor 
is there likely to be any definite answer, as there is no one con- 
trolling condition or set of conditions. Certain practises have 
arisen which have worked well in particular situations. In 
other places different practises have seemed best. There are 
so many things to be considered that, after all, the question 
is one of general expediency. 

L. T. Merwin: Along the line of a suggestion already hinted 
by Mr. Gerry I ask Mr. Curtis, in closing, to answer this ques- 
tion—What form of connection is advisable from the stand- 
point of the operating engineer for protection of the transmis- 
sion line beyond the power house, say for voltages ranging 
from 60,000 and up? The operating engineer is particularly 
interested in wave forms as well as circulating currents at two 
points, one between the generators and transformers at the power 
house and the other between transformers and line. And then 
again, what bearing has the wave form upon the breakdown 
point of his transmission line after it has passed beyond the 
power house? Will the star-delta or the star-star or the delta- 
star connection give the safest form of wave curve on the line 
from the standpoint of the breakdown? It is that which in- 
terests particularly the operating engineer. Mr. Curtis shows 
his oscillograph curves with transformer connections open on 
the high side; but with load on the end of a 150-mile high- 
tension transmission line, what changes in the wave form will 
take place as against an open transformer bank? 

Livingston P. Ferris: I ask Mr. Curtis to cover the follow- 
ing points in his closure: Just what wave form is considered 
in the comparisons upon which you base your conclusion? By 
what criterion do you judge the distortion of wave form charac- 
teristic of the different types of connections? Have you fol- 
lowed the recently adopted standardization rules of the In- 
stitute or some other standard? 

I will mention two circuit arrangements for oscillograms 
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which have been found useful in the investigation of the Joint 
Committee. on Inductive Interference in California. These 
circuit arrangements are designed to distort the wave form of 
current through the vibrator, magnifying the higher harmonics 
in this wave as compared with their relative magnitude in the 
desired main line current or voltage wave. For current waves, 
the secondary of a current transformer is closed through a low- 
impedance air-core inductance coil, the constants of one such 
coil being 1.12 + j 0.0468 f ohnts. Around this coil is shunted 
the vibrator of the oscillograph in series with a condenser and 
rheostat. The amplitude of the wave and magnification of 
the harmonics in the vibrator current are controlled by adjust- 
ment of the condenser and rheostat in series with the vibrator. 
An analysis of the vibrator wave expressed in current units, 
together with a knowledge of the circuit constants, enables one 
to compute the value of the main line current corresponding 
to any harmonic. Care is necessary with this arrangement, 
in order that the impedance in the secondary of the current 
transformer shall not be too high and particularly that the circuit 
shall not resonate at or very near the frequency of some har- 
monic which it is desired to measure. For voltage waves, the 
vibrator is connected in series with a condenser and rheostat 
and supplied from a potential transformer. By these methods 
of accentuating the higher harmonics the accuracy of their 
determination in the current and voltage waves is much increased. 
'H. V. Carpenter: I would like to enlarge a little on the 
point that Mr. Curtis brought out, that the various connec- 
tions which he dealt with give different losses in the trans- 
former cores. That would have some bearing in determining 
the capacities of these different connections, the load capacities. 
It might be possible if Mr. Curtis has given the matter any 
thought to tell us something about the amount of increase in 
rating that might be considered possible in certain cases over 
that of other connections. It would seem from the hysteresis 
diagrams which he showed that there might be sufficient saving 
in core losses there to make it appreciable in the load capacity 
of the transformer sets. 

L. F. Curtis: As to Mr. Robinson’s question regarding the 
open delta, I regret that I have no oscillograms for this con- 
nection. I will predict that there will be an unbalance of volt- 
age between the three phases. There could be no third harmonic 
in any current flowing over a balanced three-phase line, but if 
there is an unbalance, as would be the case with open delta 
excitation, there might be a diversity of third harmonic com- 
ponents in the different lines. This would probably produce 
a reduction of voltage across the open phase, causing the voltage 
triangle to become distorted, the shortest line representing the 
voltage across the open side. It would also be probable that 
the wave forms of voltage of all three phases of the two trans- 
formers would be different. It is quite probable that if one 
wave were flat the others would be peaked. 
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As to Mr. Merwin’s question: Papers which were presented 
at Pittsfield made similar reference to the subject from a prac- 
tical standpoint. From my observations, the wave forms are 
the best upon the lines with the star connection of transformer 
windings and connected generator neutral, but this connection 
is possible only when the transformer banks are not operated 
parallel with others of different characteristics. If such parallel 
operation were attempted, as has been in some cases, circulating 
currents between the banks would flow over the neutral, causing 
heating which should be prevented. It appears to me that 
the best connection would be a star-connected generator, delta- 
connected low-tension circuit, and star-connected high-tension 
circuit, with possibly a grounded neutral, the advantages of 
which were pointed out in the papers presented before the In- 
stitute at Pittsfield in May. The wave forms for this connec- 
tion are good. 

We know that an inductive load tends to flatten the higher 
. harmonics and that the wave forms with the inductive load 
would then be much better than without it. The most serious 
disturbances would probably occur on an unloaded line, because 
of the fact that the capacity of the lines exaggerates the higher 
' harmonics in exact proportion to their order in the charging 
current. If we have, for instance, an eleventh harmonic on 
the line of say ten per cent. it appearsin the charging current 
or capacity current as ten times eleven or 110 per cent, so that 
upon the line open at the far end we would expect the greater 
distortion and the most trouble from the higher harmonics. 
During switching we may have other disturbances due to the 
fact that the three phases are not closed simultaneously, and 
as noticed from the experience on the California lines, less 
trouble from switching seems to be caused when a grounded 
neutral with a star-connected high-tension circuit is used. 

As to the criterion for judging wave forms: I have not used 
the American Institute standard because it tells nothing of the 
order of the harmonics. In analyzing the waves, I have kept 
a record not only of the effective and maximum values of each 
wave, but the per cent and order of each harmonic, so that 
due weight might be given to the harmonics of higher order. 
I might say that in these investigations, none above the 
fifth was objectionable. I used the connection suggested by 
Mr. Ferris, that of the condenser in series with resistance for 
exaggerating the harmonics in the voltage waves. Upon the 
generator used, the fifth was the only noticeable higher har- 
monic in the voltage wave. The tests were run throughout 
without any transmission line connected, so that effect of ca- 
pacity in the high-tension circuit may be neglected. It was a 
no-load test throughout. 

As to the higher rating of the star-star-connected transformers 
because of the change in core loss, I think that this rating would 
be affected very little and would not be the criterion. In the 
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gtar-star connection the core loss is only a small percentage less 
than for single-phase. The rating of the transformer would 
be slightly greater, but on account of the objectionable voltage 
to neutral, the connection would probably be ruled out in any 
case. 

It is to be regretted that the paper is incomplete in that the 
author has been unable to deal with the wave forms of three- 
phase transformers. With three-phase shell-type transformers, 
the results would be very similar to those obtained with the 
three single-phase units, but with three-phase core type units, 
the wave shapes would be considerably changed. 

Since the recording of wave-shape was considered to be of 
prime importance, no special care was taken to calibrate or cor- 
rect meter readings. Portable instruments of the electrodyna- 
mometer type were used for voltage readings. For the mea- 
surement of potential upon the high-tension windings a poten- 
tial transformer was introduced. Care was taken to discon- 
nect all potential-reading-instruments before taking current oscil- 
lograms. While the tests were not made with great scientific 
accuracy, uniform conditions were maintained throughout, 
making the results in the different cases comparable. 


Presented at the Pacific Coast Meeting of the 
American Institute of Electrical Engineers, 
Spokane, Wash., September 10, 1914. 
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150,000-VOLT TRANSMISSION SYSTEM 
SOME OPERATING CONDITIONS OF THE BIG CREEK 
DEVELOPMENT OF THE PACIFIC LIGHT & POWER 
CORPORATION 


BY EDWARD WOODBURY 


ABSTRACT OF PAPER 


The paper describes operating conditions on the 150,000-volt 
transmission line of the Pacific Light and Power Corporation 
which delivers power from the Big Creek hydroelectric develop- 
ment to Los Angeles, Cal., 240 miles away. In daily operation 
60,000 kw. are generated, utilizing a total hydraulic head of 4000 
ft., in two steps. Plans for the future contemplate the building 
ee ae more power houses, operating under somewhat lower 

eads. 

Of particular interest is the complete success of the constant 
potential system, 7. e., operation at the same voltage at the 
generating and receiving stations, by means of synchronous con- 
densers at the receiving end, in conjunction with automatic 
voltage regulators, one for each condenser as wellas for the gen- 
erators at each of the power houses. The line has been oper- 
ated with unusual freedom from short circuits. 

Appendixes describe the development of the system, and give 
data relating to the equipment of the Big Creek transmission line. 


HE most striking feature of the Big Creek development and 
transmission is the magnitude of the figures in which the 
plant data are expressed. In daily operation, 60,000 kw. are 
generated, utilizing a total hydraulic head of 4000 ft. (1219 m.) 
in two steps, and transmitted 240 miles (886 km.) at 150,000 
volts, thus entailing some conditions of operation which are 
rather striking. : 

The transmission line is of course the element of greatest 
importance in satisfactory commercial operation, although there 
are many features of engineering interest in the generating and 
receiving parts of the system. 

The most critical problem to be solved proved to be that of 
regulation. It must be remembered that the inherent regula- 
tion of the line alone, without terminal equipment, is from 10 
per cent above power house voltage at no load, to 20 per cent 
below at full load; that the effect of the transformer inductive 
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reactance at the generating end practically doubles the boost- 
ing at light load, and that the self-exciting characteristics of 
the generators, when supplying charging current only, tend to 
produce abnormal voltages at light load. 

The complete success of the constant potential or zero regula- 
tion system, i.e., operation at the same voltage at the genera- . 
ting and receiving stations, is of particularinterest. This result 
is obtained by the use of synchronous condensers at the receiv- 
ing end, in conjunction with automatic voltage regulators, one 
for each condenser as well as for the generators at each of the - 
power houses. Since thére are two 15,000-kv-a. condensers 
and four 17,500-kv-a. generators to be controlled, the regulator 
problem received most serious consideration, and was made 
the subject of careful experiment under working conditions 
before being proved satisfactory, as it now is. It has been 


To Voltage Variable Volts 125V. Const. Main. Exciter 
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Fic. 1—ExciTER CONNECTION, PLANT No. 1, BiG CREEK. 


found necessary to arrange the regulators to control field cur- 
rents from a maximum to zero. 

In one generating station the excitation system consists of 
three direct-current units, one of which is the exciter proper, 
the other two being connected in series opposition, and used 
to excite the field of the main exciter. See Fig. 1. The two 
units making up the secondary exciter are designed to generate 
125 volts and 275 volts respectively. With a potential regulator 
on the 275-volt unit, arranged with auxiliaries to prevent a 
reversal of the field in the 125-volt unit of this set, the voltage 
applied to the exciter field may be changed from that required 
to give maximum excitation to zero excitation, within a range 
of voltage on the 275-volt unit which can be readily handled 
by the standard alternating-current automatic voltage regulator. 

The alternators at the other generator station are excited 
directly by 200-kw., 250-volt exciters, the main field of which 
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is controlled by a new type of alternating-current automatic 
voltage regulator, which has no direct-current magnet and which 
can therefore be adjusted to reduce the exciter voltage to zero. 
The exciters on this system have three shunt windings on the 
field, as shown in Fig. 2. One auxiliary field is provided to 
give the reversed excitation necessary to hold the voltage down 
when charging the line, the current being supplied to this field, 
through a variable resistance, by means of a storage battery. 
The other auxiliary field, which is solely for the purpose of 
maintaining the correct polarity, also takes its current, which 
is small, from the same storage battery. ; 

A reduction of the excitation to zero by means of the potential 
regulator, has not been necessary at the generating stations, 
but operation of the synchronous condensers at the receiving 


To Voliage Reg. 


Aux. Fields 
Main Fierds 


High Res. Const. 


To Storage 
Battery 


Fic. 2—ExCcITER CONNECTION, PLANT No. 2, Bic CREEK. 


station, over the range required, would not be feasible without 
a complete reduction of the exciter voltage. 

With 150,000 volts at the receiving end of the line, the charg- 
ing current is about 40 per cent overload for one generator. 
With normal voltage of 6600 volts at the generator, the charg- 
ing current overloads the generator 65 to 70 per cent. Hence 
in normal operation a line is usually energized by using two 
generators, under which condition a small field excitation in 
the normal direction is required. Abnormal conditions some- 
times make it necessary to charge the line from a single generator, 
until the condensers at the receiving station can be started. 

The self-exciting characteristics of the system with leading 
current are such that in one of the generating stations a single 
6600-volt generator, when connected to an unloaded line with- 
out its condenser and run at normal speed with the field switch 
open, would excite itself to 7600 volts, corresponding to 190,000 
yolts on the transmission line at the generating station, and 
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demand from the generators 35,000 kv-a. and 3000 actual 
kilowatts. 

At the other station, where the generators were designed by 
a different manufacturer and had slightly different character- 
istics, the results were greater and the self-excitation under 
similar conditions would reach 9000 volts at the generator or 
230,000 volts on the line at the generating end. For this con- 
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Fic. 3—TypicaL Darby OPERATING CURVES oF BiG CREEK SYSTEM, 
WITH ZERO LINE REGULATION, 


dition the generator would have to deliver 5000 kw. and about 
50,000 kv-a. 

Means had therefore to be furnished for using current in a 
reverse direction in the generator fields to counteract the ex- 
citation due to the leading current. 


The curves of Fig. 3 show typical daily operating conditions 
as follows: 
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(A) System-generated kilowatts. 

(B) Big Creek-generated kilowatts. 

(C) Delivered kilowatts from Big Creek. 

(D) Generator power factor at Big Creek. 

(E) Condenser amperes (at 6600 volts) at receiving station. 

The difference between A and B is on account of other gen- 
erating stations being in operation on the system and being 
used to the limit of their capacity for correction of load power 
factors. 

The speed regulation by the waterwheel governor has been 
excellent, so that no complications have arisen from this source. 

As might be expected with a system of this magnitude, special 
‘ consideration has been given to minimizing the effects of short 
circuits. Accordingly, the reactance of the generators of the 
two manufacturers has been made 70 per cent and 85 per cent 
respectively; of generating station transformers 5 per cent and 
8.5 per cent; of receiving station transformers 5 per cent and 
8.5 per cent. The result is that the instantaneous short-circuit 
current is only 330 per cent of full load on the generators and 
the sustained short-circuit current 110 per cent, with normal 
excitation, of fullload. Under these conditions the waterwheel 
governors shut off water on short circuit before any serious 
change in speed can take place. 

On account of the use of aluminum cable for the transmission 
line, it is very desirable to suppress an arc on the line before 
the wire can be seriously injured; and there is now under con- 
sideration the installation of a field-killing relay to be installed 
in the neutral of the generating station transformers, which 
will very quickly extinguish the arc and automatically permit 
the restoration of voltage immediately. 

Of the short circuits which have occurred, none have been 
sufficiently serious to burn down the cable. Some of the outer 
strands have been scorched, but not sufficiently so to diminish 
strength. The scorched sections are of course removed at the 
earliest opportunity. 

The causes of the short circuits, which have occurred, may 
be stated as follows: 

1. In the rush of construction, a tree was left standing too 
close to the line and blew against it. The cable was scorched, 
but not seriously hurt. This occurred during the tryout period, 
and while the voltage was returned to normal in a fraction of 
a minute, the load was transferred to the steam plant, for some 
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time, while experimenting was done to endeavor to locate the 
trouble. 

2. An irrigator tried to clean out a well near the line with 
a heavy charge of dynamite, blowing a lot of mud and water 
into the line. The current arced to the ground cable, but did 
not seriously injure the transmission cable. 

3. One of the insulators on a disconnecting switch in one 
of the stations flashed over. 

4. Seven other line short circuits have occurrred, five of which 
have been found to be due to flash-over of insulators, one to 
be due to an arc from line to a tree during high wind, and the 
location and cause of the other has not been discovered. In 


every case of the above, trouble was cleared by reducing the 


voltage at generators upon current being observed in the ground 
ammeters, after which service was immediately resumed. 

In all cases of insulator flash-overs, the damage to insulators 
was so slight that service could be resumed, without repairs, 
immediately on extinguishing the arc. In two cases, two disks 
out of the string of nine were broken down or badly shattered. 
In the third case, two of the disks were slightly chipped on the 
edge. 

In the remaining two cases the arcing bars with which the 
insulator hardware is furnished (see Fig. 4), protected the 
insulators against any damage. It is found that a flash-over 
will sometimes burn from one to two inches off the end of the 
arcing bar, and apparently does not go to the cable unless the 
direction and strength of the wind are such as to carry the arc 
out along the cable. The separation of the arcing bars is 51 
in. (129.5 cm.), equivalent to a break-down potential of over 
500,000 volts at normal frequency. 

5. The most serious line interruption was caused by a 
mechanical defect in a dead-end clamp at the end of a 2700-ft. 
(823-m.) span across a wide and deep river. The weight and 
tension of the cable make a repair of this kind a serious matter. 
The clamp which failed was one out of 5000, so the percentage 
is not high. 

Various features of the system have been described in detail 
in different technical journals and do not need repetition, but, 
for convenience, appendixes follow, showing how the growth 
of the Pacific Light and Power Corporation system made an in- 
stallation of the magnitude of Big Creek an economic possi- 
bility, and giving the principal physical data of the develop- 
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ment. The author desires to thank Mr. H. A. Barre and 
Professor R. W. Sorensen for their generous assistance in the 
preparation of this paper. 


APPENDIX I 
HISTORICAL 


In 1897 the San Gabriel Electric Co. built at Azusa a hydro- 
electric plant consisting of four 300-kw. generators, which 
received their energy from a small stream with a 400-ft. (122-m.) 
head. The water power converted into, electric energy by 
these generators at a potential of 500 volts was transformed to 
a potential of 15,000 volts and transmitted at this potential a 
distance of 25 miles (40 km.) to Los Angeles. Later, four 
other small hydroelectric plants varying in size from 150 kw. 
to 1500 kw. were added, and a “standby” steam plant of 
2000 kw. was constructed, giving a total capacity of 6000 kw., 
4000 kw. of which was water power. 

January 1, 1905, the Kern River plant, a hydroelectric plant 
made up of five 2000-kw. generators, which transmitted its 
energy over 125 miles (201 km.) of line at a potential of 60,000 
volts, was developed, and two years later, the original Redondo 
steam plant, which at that time made such a record for effi- 
ciency, was completed and its 15,000 kw. contributed to the 
service of the community. Even this, however, was not suffi- 
cient, for in 1911 it was found necessary to add to Redondo two 
12,000-kw. turbine units, thus bringing up the available cap- 
acity of the system to 55,000 kw. 

Even this tremendous supply of power rapidly became in- 
sufficient to meet the demand, and the company prepared to 
carry out the development of the now famous Big Creek project, 
which was to convert the energy available in Big Creek into 
electric energy and transmit it 240 miles (386 km.) to Los 
Angeles. 

To transmit electric energy over such a distance with economy 
requires, of course, the highest practical potential, which in 
this case was selected as 150,000 volts, and plans for trans- 
mission at this voltage were drawn. These plans called for 
the immediate development of 60,000 kw. maximum, delivered 
at this voltage to the Los Angeles receiving station known as 
Eagle Rock substation. 

This energy is generated by four 17,500-kv-a., 6600-volt 
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equivalent to six or eight months of operation based upon a 
60,000-kw. peak on the two plants. After leaving Power House 


43 miles (7.2 km.) to Power House No. 2; where it is delivered 
at an average head of 1857 ft. (565 m.). 


PROJECTED DEVELOPMENT 
Each of the two present power houses is so designed that 
its capacity may be doubled, simply by raising the height of 
the storage dam and installing the necessary generators, water- 
wheels, transformers and switching equipment. Future plans 


many curves the average grade is over 4 per cent. Materials 


car train of heavy machinery, 
It was also necessary to build two inclined railways, one to 


3500 men were employed, all of whom were housed in fifteen 
camps located in the mountains a long distance from supplies. 


APPENDIX II 


EQurIeMENT Data 
Two power plants, total capacity 64,000 kw. 
Four 17,500-kv-a, generators, 
Eight tangential waterwheels, each pair develops 16,000 kw. 


PLATE LXXXVI, 
Agi Es Es 
VOL. XXX.IIl, 1914 


[WooDBURY] 


Fic. 4—150,000-V oLt SUSPENSION INSULATOR, SHOWING ARCING Rops. 


Bae ae ca 


Fic. 5—150,000-VoLr Strain INSULATOR. [woopBuRY] 


PLATE LXXXVII. 
Awl, Es, Es 
VOL, XXXIIIl, 1914 


S 


[WoopBuRY] 
Fic. 6—TypicaL DEAD-END TOWER USED FOR LINE SECTIONALIZING 


BY OPENING JUMPER LOop. 


[WoopBuRY] 
Fic. 7—ANGLE Tower, SHOWING BRACKET TO PREVENT Loop FROM 


SWINGING. 


PLATE LXXXVII, 
ORES Es 
VOL. XXxXiIIl, 1914 


a 


f 


af 


[WoopBuRY} : 
Fic. 8—MetrHop oF TYING DowN CoNDUCTORS TO PREVENT UPLIFT 


IN COLD WEATHER. 


[woopBuRY] 


Fic. 9—STEEL FOOTING FOR STANDARD TOWER. 
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One generator, full load, 24 hours, uses 240 acre-feet of water. 

Maximum head of water, plant No. 1, 2100 ft. static. Plant No.2, 1900 ft. 

Reservoir capacity, initial development, 51,600 acre-ft. Cubic yards con- 
crete in dams, initial development, 120,000. 

Reservoir will operate plants 220 days on 50 per cent load factor. 

Drainage area 88 square miles. 

Five miles of 12-ft. tunnels through solid rock. 

Single-phase transformers, largest yet built, weigh 81 tons and contain 
10,000 gal. of oil. 

Power station transformers connected delta 6600 volts, Y 150,000 volts, 
with grounded neutral. 

Receiving station transformers connected delta 150,000 volts, delta 
60,000 volts and 18,000 volts respectively. : 

Two 15,000-kv-a. synchronous condensers at receiver end each require 
10,000 kv-a. to start. 

Under no-load conditions, 137,000 volts at generator rises to 150,000 
volts at receiver. 

Charging current is 90 amperes at 137,000 volts, equals 21,500 kv.-a. 

Fifty amperes reversed excitation necessary to bring generator “ down on 
line’’ to zero potential, no-load condition. : : 

Power factor of generators is high, being above 95 per cent the greater 
part of the day. j 

Current is unbalanced approximately 12 per cent under no-load conditions 
on account of the conductors being in horizontal plane. 

Under normal load conditions, this 12 per cent is reduced to approxi- 
mately 2 per cent. 

A potential of 4200 volts is induced in a dead section of the duplicate line 
100 miles in length, distant 82 ft. center to center. 

Line loss at full load is 9 1/2 per cent. In addition there is 5 per cent 
loss in transformers, auxiliaries, etc. 


DATA ON BiG CREEK TRANSMISSION LINE 


General: 

Length, 240.41 miles power house No. 1 to Eagle Rock substation, 
plus 0.74 mile tap to power house No. 2, total 241.15 miles. 

Voltage, 150,000 volts, 50 cycles. 

Number of tower lines, 2. 

Number of circuits per tower line, 1. 

Capacity of each circuit, 57,500 kw. at 0.85 power factor for 11 per 
cent regulation, using two synchronous condensers. 


Right of Way: 
Width of right of way, 150 feet. 
Separation of center lines of tower lines, 82 ft. 


Towers: 
Normal spacing in valleys where no sleet occurs, 660 ft. 
g g o ee “ sleet occurs, 550 ft. 
Maximum span, 2871 ft. (Sunland), 2776 ft. (Kings River). 
Maximum span on standard towers, 1822 ft. 
Maximum angle on standard towers, 0 deg. 49 min. (Normal span no 
sleet 1 1/2 deg. plus wind). Insulators take 45 deg. position. 
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Maximum angle on anchor towers, 48 deg., designed for 60 deg.; 
114 deg. 2 min. under special conditions at tower No. 1. 

Total number of towers, both lines, 3388. 

Average number of towers per mile, single line, 7.08 


Classification Standard Anchor and Angle Special 
Weight above foundation. 4300 6450 | 4485 
Weight of steel footings . . 1305 1605 1305 
Total steel per tower..... 5605 8055 5790 
»Pread at base with line. 20 ft. 24 ft. 20 ft. 

ss « “ “across line 18 ft. 24 ft. | 18 ft. 
Height above ground to } 
insulation support.. .. 43 ft. 37) tbe 43 ft. 


Unit Stresses: 
Tension = 20,000 Ib. Per sq. an. 


16,000 


Compression = 5 


Ib. per sq. in. 
UM, 
R for corner posts, 125. 


Ls . 
R for bracing, 175, except where a larger value is approved by the 


purchaser. 
Minimum thickness of members, 3/16 in. 
Unit stress in bolts: 
Seat ee peer ee 15,000 lb. per sq. in. 
Bearings. ... 30,000 Ib. per sq. in. 


Design Assumptions: 

Standard Towers; 

(1) Wind load, 22 2 lb. per sq. ft. of exposed area, with or at right angles 
to the line; wind pressure simultaneously applied to both faces of tower, 
and 

(2) A pull in the direction of the line of 4250 lb. at the points of sup- 
port of two adjacent conductors pulling on the same side of the tower, and 

(3) A vertical load of 1000 1b. at each conductor support where con- 
ductor is unbroken, and of 530 1b. at each ground wire support, and of 
500 lb. if conductor is broken, and 

(4) A wind load of 600 Ib. at right angles to the line at each conductor 
support where conductor is unbroken, and of 300 lb. at right angles to 
the line at each conductor support where conductor is broken, and of 500 
Ib. at each ground wire support. 

The above loads are simultaneously applied. 


Ground wire support designed to withstand an unbalanced pull of 5000 
Ib. in the direction of the line. 
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Anchor and Angle Towers: 3 
Anchor and angle towers are designed for each of the following groups 
of conditions, only one of which groups is to be taken at a time: 


ZI. (1) A wind load of 223 Ib. per sq. ft. of exposed area, with or at right 
angles to the line; wind pressure applied simultaneously to both faces of 
tower, and 

(2) A pull in the direction of the line of 8000 lb. at each of the three 
conductor supports, on either side of tower, and of 8000 lb. at each ground 
cable support, and 

(3) A vertical load of 500 Ib. at each of the three conductor supports 
and of 265 lb. at each ground cable support, and : 

(4) A wind load of 300 Ib. at each of the three conductor supports, 
and of 250 Ib. at each ground cable support. . 


II. (1) A wind load of 22 Ib. per sq. ft. of exposed area, with or at right 
angles to the line; wind pressure applied simultaneously to both faces of 
tower, and 

(2) A pull at right angles to the line of 8000 lb. at each of the three con- 
ductor supports, and of 8000 Ib. at each ground cable support, and 

(3) A verticalload of 1000 lb. at each of the three conductor supports 
and of 530 lb. at each ground cable support, and 

(4) A wind load of 600 lb. at each of the three conductor su pports and 
of 500 Ib. at each ground cable support. 

Number of conductors supported by each tower, 3. 

Arrangement, in same horizontal plane. 

Number of lightning ground wires, one at first; space for two if needed. 

Smallest size angle iron used, 13 by 12 by 3/16 in. 
Conductor: 

Material, aluminum with steel core; steel double-galvanized. 


Weight | Elastic Ultimate 

Composition |No.strands| Cir. mils limit tensile 
per per square strength 

Metals mile foot inch sq. inch 
Aluminum...... 54 605,000 | 2940 ee a) 13.000 s\4 26,000 
Sine) budicree Oe 7 78,500 1118 ets 115,000 195,000 
ED Otalineeyemere sr. 61 683,500 4058 OT 33,600 


Total resistance 35 ohms per leg. 
Maximum working tension allowed—13,000 lb. per sq. in. in aluminum. 
Stringing tension at 80 deg. fahr. 

licefallowancepearsr nae ew: 3130 


Type of joints, McIntyre sleeve on steel inside of compression aluminum 


sleeve. 

Ground clearance: 
Oniricht Otway ie ae 25 ft. at 140 deg. fahr. 
AM) CROSSES «.5:41o0 OOOO 6 Hd . Legal, as required. 
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Ground Wires: 

Number per tower; 1. 

Size, } in. 7-strand. 

Material, Siemens- Martin steel. 

Breaking tension, 13,000 to 15,000 lb. 

Maximum working tension allowed, 6500 lb. sleet—2100 ft. span, 5500 
lb. no sleet. 


Insulators: 

Number, 190,000; 58 per cent of which are on dead ends. 
Type, 2565-P Locke. 

Diameter, 10 in. 

590,000 suspension 


- tay Castes 
Dry flash-over voltage 720,000 enchor. 


: 9 disks 
420,000 suspension 
Wet flash-over voltage.. ...... 490.000 pie sacha 
Routine Tests: 
First test per disk, electrical, flash-over voltage. 
Second “ S “ mechanical, flash-over voltage, 5000 lb., after 
first elec. 
Third “ “ © electrical, flash-over voltage 5 min. after me- 
chanical. 


Ultimate tensile strength, 10,500 lb. 

Maximum working tensile loading allowed, 4250 lb. 

No. of disks used per chain, straight line, 9 

ks uD Oe Ce deadkends 2 x. ie 22. 

Two chains are used in parallel on all dead ends to divide mechanical 
load. 

Distance center to center of insulator, 5$ in. 

Two telephone circuits on an independent pole line 300 miles long. 
Resistance per circuit 4000 ohms. Storage batteries used on trans- 
mitters, and power-driven machines for ringing. 

Eleven patrol stations are necessary, each requiring an equipment of 
tools and material weighing 10 tons. 
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Discussion on “ SomE OPERATING CONDITIONS OF THE 150,000- 
VoLT TRANSMISSION SYSTEM OF THE Bic CREEK DEvELop- 
MENT OF THE Paciric Licnut & PoweR CORPORATION,” 
(WoopBury), SPOKANE, Wasu., SEPTEMBER 105 1914° 


J. Harisberger: There has been considerable discussion 
as to the necessity of synchronous condensers on this system. 
I would like to know what actual practise in the operation of the 
system has brought out; could the system be operated satis- 
factorily without the use of synchronous condensers? 

Mr. Woodbury’s paper states that under conditions of short 
circuit the waterwheel governors shut off water before any appre- 
ciable change of speed can take place. I had the impression that 
the contrary would take place, that the governors would open 
up the gates. 

I would also like to know if there are any transpositions in 
either of the transmission lines? 

J. B. Fisken: One thing that struck me in listening to Mr. 
Woodbury’s paper was the apparent success of the preliminary 
work. If all the work that Mr. Woodbury has told us of, has 
developed only the troubles he describes since the line was con- 
structed, I think he is entitled to congratulations. I am reminded 
of an experience we had here eleven years or so ago when we 
first put into commission the line from Spokane to the Coeur 
d’Alene mines at 45,000 volts; none of us ever had the experience 
of seeing a line in operation at 45,000 volts; wedidn’t know what 
was going to happen, and inquiries were made as to what we should 
look out for. We were advised that all we had to do was to 
patrol the line and if the patrolman heard any insulators making 
any noise it was a sign they were defective. The noise was 
described as like the noise of frying steak. We energized the 
line and every insulator in that line sounded like frying steak, 
but there was not a single case of trouble; that of course was a 
comparatively low voltage. 

It occurs to me that it might be possible to improve the operat- 
ing conditions by adjusting the voltage so that for the greater 
part of the day the synchronous condensers might be cut out. 
The load factor is high, and I would like Mr. Woodbury to tell 
us whether it would be a practical operating proposition to cut 
out the synchronous condensers say from about six o’clock in the 
morning until eight o’clock at night. Of course, the only ad- 
vantage of that is that it is a little less for the substation at- 
tendants to look after. 

Another point on which I would like to hear some discussion 
is the method of tying down the conductors to prevent uplift in 
cold weather. In the line described by Mr. Woodbury, they use 
two strings, one of which would be in tension in hot weather and 
the other in tension in cold weather. In our tower line, we have 
only one short tower line, we use two dead-end insulators for the 
same purpose, and it would be interesting if we could get discus- 
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sion on that and try to formulate an idea as to which is the better 
one. 

One other thing I would like Mr. Woodbury to tell us about; 
that is, whether they use any resistance or reactance in the ground 
connections or whether it is a dead ground. 

A. A. Miller: I have one question I would like to ask Mr. 
Woodbury. He mentioned the fact that in the 100-mile section 
of transmission line an induced potential of 4200 volts exists to 
ground. How frequently is this 100-mile section grounded when 
repairs are being made, at one place or more than one place? 

M. H. Gerry, Jr.: The achievement of operating a line at 
150,000 volts.is a most creditable one and indicates in a marked 
degree the great progress in electrical transmission made in the 
last twenty years. This is a comparatively short time for the 
development to take place from potentials around 2000 or 3000 
volts up to 150,000 volts or even more. It was my good fortune 
to be connected with the transmission business during the early 
days, some seventeen or eighteen years ago. About that time we 
built a system in Montana and began operating at 50,000 volts. 
It was then impossible to get a manufacturer in this country to 
endorse that voltage or unqualifiedly guarantee the transforming 
apparatus. I remember that we made a compromise by arrang- 
ing to drop to half voltage if anything serious happened. Asa 
matter of fact, a good many things did happen, but nothing oc- 
curred to disprove the general principle that high voltage was 
desirable and essential for long-distance transmission of power. 
It israther aninteresting fact that high-voltage transmission was 
developed in the West; the reason being that it was essential to 
accomplish the results under the existing conditions, and for the 
further reason that Western engineers and Western men generally 
were free from prejudice and were accustomed to undertake prob- 
lems and seek solutions without regard to what had been al- 
ready accomplished, provided that there seemed to be no good 
reason why it could not be done. As I have already said, we 
constructed in that early day a transmission system between the 
Missouri River, near Helena, and Butte, a distance of about 
sixty-five miles, operating at 50,000 volts. This system trans- 
mitted a large amount of power and was a success from the start. 
A few years later the pressure was raised to 70,000 volts, and now 
in the same vicinity there are lines operating at 100,000 volts and 
transmitting power up to 150 miles. My experience with all 
these lines has been most satisfactory. The troubles were few and 
mainly of a mechanical nature. Of course it took several years 
to analyze the insulator problem and to determine the necessary 
conditions in that direction, but to-day there is practically no 
electrical trouble on transmission lines on the Montana systems. 
In our part of the country the transmission lines in places reach 
considerable altitudes, and I would be interested to know the 
maximum altitude reached on the lines described by Mr. Wood- 
bury. 
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E. Woodbury. Five thousand feet. : 

-M. H. Gerry, Jr.: In Montana the lines sometime reach 
altitudes around 7000 ft. In such high altitudes there is some 
evidence of loss at the highest voltages, but as it is.local it does 
not affect the general result. Most of the transmission lines in 
Montana are of wooden pole construction up to about 70,000 
volts; at higher pressures the lines are mainly on steel towers. A 
very large amount of power is handled in this section, the princi- 
pal transmissions being from points near Helena and Great Falls 
to Butte and Anaconda. The principal load is in the form of 
induction motors but there are also a number of synchronous 
motors used for operating air compressors and direct-current 
motor-generator sets. Every conceivable kind of load is handled 
on the Montana system; power, railway, lighting and all kinds of 
industrial applications to which electrical current can be applied. 
All the lines and power plants are now in one great system and 
but little trouble is experienced with regulation or with inter- 
ruptions of service. 

V. H. Greisser: I would like to inquire of Mr. Woodbury 
whether any extended tests have been made regarding the dis- 
tribution of potential on the separate units and across the string 
of units of the insulator, and in general what was found. _ Also 
whether any tests have been made regarding the question of what 
we might perhaps call aging of insulators. 

E. Woodbury: Mr. Harisberger and Mr. Fisken and Mr. 
Fraser have all asked about the same questions, about whether or 
not the condensers were necessary. I think you will find in the 
first part of the paper it says that the inherent regulation of the 
line is from 10 per cent above to 20 per cent below power house 
potential. I think that the principal excuse for the condensers 
is the remarkable regulation that they afford us. With the con- 
densers in the receiving station we hold the voltage exactly where 
it is wanted at all times of the day and night, without any refer- 
ence to what the power house is doing. When we first started 
up, the telephone line was not complete and we operated for 
about thirty days without any telephone line, and we gave very 
good service. The two condensers are 15,000 kv-a. each, making 
30,000 kv-a. of leading component, which is required a good part 
of the day. Now, that would have to be supplied elsewhere or 
else the power house voltage would have to be raised to about 
175,000, which would be approaching the limits of corona loss. 

The matter of using steam turbo-generators for condensers is 
quite feasible, as Mr. Fraser mentions, but with us we have the 
vertical type and of course it is out of the question to separate the 
generator from the turbine. 

We are also informed that we should not run the turbines with- 
out having steam on them, so-there is some expense to produce 
enough steam to keep them in operation even though they are 
carrying wattless current. 

Mr. Fisken’s question about not running the condensers from 
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6 a.m. to 8p.m.—Now, that is the time we need them the most. 
This curve in Fig. 3 only shows the kilovolt-amperes of one con- 
denser, because at that particular time the other condenser was 
shut down and turbines in the steam plant were supplying 15,000 
kv-a. wattless component, so youcan see that from about 7a.m. 
the condenser is up to almost 1300 amperes, which is 15,000 kv-a., 
and it runs right through with a drop at the noon hour; otherwise 
if we did not have the condensers the power house voltage would 
goup to 175,000 or so with the constant difficulties in regulation. 

Mr. Miller’s point about the line 100 miles or so long having 
4200 volts induced potential—before we ground either end of 
that 100-mile section, we make a static voltmeter test to get the 
true potential, and find it 4200 volts, and when we ground the 
other end, it drops to about 500, and then we put another ground 
at this end. Also the linemen all have positive instructions to 
put their ground on before doing any work. 

In regard to Mr. Greisser’s question concerning the stress on 
the different units, we have never made any tests on that, but 
there were some made at the time the insulators were being manu- 
factured when they were tested for flash-over, etc., and I don’t 
know just what means they had of determining what the stresses 
were, but we got the report that the stresses were very uniformly 
divided, which does not seem to agree with some articles I have 
read and papers presented before the Institute. Of course, as 
to the aging of insulators, we have not been operating long enough 
to know about that, as we have been operating only about ten 
months. As to the mechanical stress, they will stand about 
10,000 pounds and we use two strings in parallel, so that the stress 
is divided, about half of the stress is on each string, and normally 
there will only be about 5000 pounds altogether, only about 
2500 on each string, but they will go as high as 8000 or 10,000 
lb., so that would be 4000 or 5000 on each string. Long spans 
of course are strung the same as the short ones, all pulled up with 
the dynamometer to the same tension. 


Presented at the Pacific Coast M eeting of 
the American Institute of Electrical Engineers, 
Spokane, Wash., September 10, 1914, 
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A DISTRIBUTION SYSTEM FOR POWER PURPOSES 


BY F. D. NIMS 


ABSTRACT OF PAPER 


The paper describes the distribution system of the Western 
Canada Power Company, Limited, touching on the overhead and 
underground systems in general. It describes the advantages 
obtained by duplicating lines, both for eliminating outages and 
from a financial standpoint. Mention is made of the advantages 
obtained by using a steel-taped lead-armored cable placed di- 
rectly in the ground, figures showing the exact cost of such an 
installation being given. 


le laying out a distribution system for power purposes 
primarily, instead of a lighting or combined power and 
lighting load, several differences are encountered which lead 
to a much simpler and less expensive system. It is my purpose 
to describe the system of the Western Canada Power Company, 
Ltd., of Vancouver, B.C., giving some of these points in detail. 
This company has its power house at Stave BalicmBiC,, 
about 35 miles (56.3 km.) east of Vancouver, distributing power 
to Vancouver and the surrounding districts. The power house 
is located nearly in the center of a somewhat sparsely settled 
district containing several fairly large industries scattered 
throughout it at a maximum distance of 18 miles (28.9 km.) 
from the power house. A line leads south to the international 
boundary at Sumas, Wash., where it feeds a line of the Puget 
Sound Traction, Light and Power Company, of Bellingham, 
Wash., supplying 5000 kw. at 60,000 volts. This line is wood 
pole construction, single circuit, with pin type insulators, the 
conductor being a No. 0 equivalent steel core aluminum cable. 
The average span is 250 ft. (76.2 m.) and the maximum 970 ft. 
(295.6 m.) Arm pins are of the saddle type, made of one-in. 
(2.54-cm.) galvanized channel iron, no bolts going through 
the arm. ‘The two legs of the pinare bolted together just above 
and below the arm. On angles, a small lag is screwed into the 
arm asaheel. This type of construction is shown in Fig. 1. 
A steel-tower line, carrying two circuits of No. 0 hard-drawn 
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stranded copper with hemp center, runs from the power house 
for 33 miles (53.1 km.) to the receiving station at Ardley, lo- 
cated half way between the cities of Vancouver and New West- 
minster, and practically at the center of gravity of the industrial 
load. At Ardley, power at: 60,000 volts is delivered to the 
British Columbia Electric Railway Company, Limited, which takes 
the current into Vancouver, where it parallels with that com- 
pany’s own system. Ardley station also steps the voltage from 
60,000 down to 12,000, at which it is distributed to Vancouver, 
New Westminster and the surrounding district. The standard 
steel tower is shown in Fig. 2. On account of difficulty encoun- 
tered from sleet and snow during the winter of 1912-13, the 
middle arm was extended, and Fig. 3 is a view of the same 
tower as it stands today. 

All 12,000-volt lines are on wooden pole construction and 
carry, as far as possible, only one circuit to the pole, it being 
our belief that better service can be provided through making 
each circuit loop back to the transforming station by an en- 
tirely different route than to duplicate circuits on a single pole 
line; where more than one circuit is on a pole line they are 
generally considered and operated as a single unit. This method, 
by proper sectionalizing of the lines, reduces the chance of out- 
age to a minimum, and when work is being done on the line, or 
stumps are being blasted, a short section can be isolated and 
killed so that linemen are absolutely protected from adjacent 
circuits; or if a piece of stump is blown into the line, no short 
circuit is occasioned which burns off the conductors. 

Aside from the power house and main receiving station, no sub- 
stations are used, as there are no voltage regulators or similar 
apparatus which require attention. Transformers are generally 
placed on pole racks and operate as ordinary distribution trans- 
formers. Figs. 4 and 5 giveatypical example of sucharack. It 
carries three 50-kw. transformers stepping from 12,000 to 2300 
volts. Switches are either oil-break, pole type, or a combination 
fuse and disconnecting switch mounted on the pole. The company 
has designed and builds inits shop such a switch, which answers 
the purpose exceedingly well and costs very little. 

Patrolmen are stationed at important switching points so 
that these switches may be operated quickly in case of emer- 
gency. Fig. 6 shows an installation of three 333-kw. 12,000- 
to 2300-volt water-cooled transformers in the outskirts of the 
city of Vancouver. These transformers are indoor type so that 
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[NIMs] 
Fic. 1—PoL_E ON BELLINGHAM 60,000-VoLT LINE, SHOWING SADDLE 
TypE ARM PIN 


[NIMs] 
Pic. 3--STANDARD STEEL TOWER WITH CENTER ARM EXTENDED 
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[NIMs] 
Fic. 4—OpEN AiR RACK CARRYING THREE 50-KW. TRANSFORMERS, 
12,000—2300 VoLts. OPERATED WITH PoLE-Top SWITCHES 


[Nims] 


Fic. 5—ANOTHER VIEW OF SAME RACK 
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[NIMs] 


Fic. 6—Rack CARRYING THREE 333-Kw., 12,000—2300-VoLtT WATER- 
CooLED INDOOR TYPE TRANSFORMERS 
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a [Nis] 
Fic. 7—CABLES SHOWING ONE END READY FOR JOINT 


4 [yrms] 
Fic. 7A—JOINTS WITH CONNECTORS SOLDERED 


[NIMs] 


Fic. 73—JOINT WITH ONE END WIPED TO LEAD SHEATH OF CABLE 
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[NIMs] 


Fic. 7c—STRAIGHT JOINT Box, PARTLY FILLED witH BITUMEN, READY 
FOR COVER 


{NIMs} 


Fic. 8—TEE Joint HALF FULL or BITUMEN 


PLATE XCV, 
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[Nims] 


Fic. 9—SEcTION Box IN PLACE AND OUTER FORM READY FOR PoUwUR- 
ING CONCRETE 


(NIMs] 


Fic. 10—SrEctrion Box SwHowinG PORCELAIN COMPARTMENTS AND 
COPPER LINKS 
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it was necessary to roof them over with galvanized sheeting. 
Water for cooling is taken from the city mains. The view is 
from the 2300-volt side, showing the disconnecting switches, out- 
door type oil switches, cable terminals and cables with their pipe 
protection. A patrolman, who lives in the vicinity, visits the sta- 
tion periodically and adjusts the flow of water through the cooling 
coils. Insome cases, where a mill or factory has sufficient electri- 
cal apparatus of its own to warrant the employment of a skilled 
electrician, water-cooled transformers are installed in a small 
galvanized iron building. In.short, the entire 12,000-volt Sys- 
tem is handled in the same manner as a 2300-volt system, ex- 
cept that a circuit must be killed for a man to work on it. 
Distribution in the cities of Vancouver and New Westminster 
is at 2300 volts by means of steel-taped and lead-armored cables 
laid directly in the ground, without conduit or other protection, 
except where crossing railway tracks or busy streets, where 
wood duct is laid to facilitate the pulling out or replacing of a 
cable without interruption to traffic. A trench is dug 30 in. 
(76.2 cm.) in depth, and of a width corresponding to the number 
of cables to be laid, (cables in place are from 4 to 6 in.—10 to 
15 cm.—apart) the cable is reeled out and dropped directly 
into the trench. Joints are made by joint boxes, which cover 
the same character of joint that is made in the ordinary lead- 
covered cable, the space between the lead and the box being 
filled with ordinary bitumen, the box serving as a protection 
to the lead and also clamping the steel armor on both sides of 
the joint, providing electrical conductivity in the steel as well 
as mechanical strength in the cable as a whole. Fig. 7 shows 
five views of making a straight joint; the first showing the cable 
with one end ready for the joint, the armor having been stripped 
back, the lead cut back and the conductors separated. Fig. 7A 
shows the joint as made with copper sleeve connectors. Fig. 
7p shows the joint with one end wiped to the lead sheath of the 
cable. Specially refined bitumen is poured through the holes 
in the lead sleeve after the ends are wiped, and the holes then 
capped with lead. Fig. 7c shows the straight joint box, itself, 
with the cover off, half full of bitumen, and Fig. 7p the com- 
pleted joint. Fig. 8 shows the lower half of the joint box 
in the trench. Taps are made in a similar manner by means 
of a three-way box. At frequent intervals section boxes are 
placed in the line, these boxes being 18 in. (45.6 cm.) below 
ground level in a small manhole, or, more properly, handhole. 
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These holes have, as a bottom, a pad of concrete on which the 
box rests, the walls being circular and of cast iron; the entire hole 
being 26 in. (65 cm.) in diameter. The walls are flanged to 
take an ordinary cast manhole plate, which is used as a covering, 
these being flush with the street. Fig. 9 is a section box and hand 
hole with the steel form around it ready for pouring concrete. 
After pouring, the form is slipped off and the earth tamped 
in up to the concrete. The box has a bolted top which can 
easily be removed, and the copper links, which are set in porce- 
lain compartments, can be taken out by means of wooden tongs. 
These boxes are used to isolate sections of cable when necessary 
to make new taps or work on the live conductors in any way, 
and also as interconnecting links between various cables, giving 
as a result several rings or loops. Fig. 10 shows a view of one 
of these boxes before placing in the handhole. The bolted 
cover is removed, showing the porcelain compartments and the 
_ copper links. The bell is of brass with a lead sleeve wiped in 
which fits over the lead sheath of the cable and is then wiped 
to it. After the conductors are connected and the lead joint 
wiped the bell is filled with refined bitumen, through the plug 
holes left for that purpose. The split armor clamp is also shown 
on the right side of the box. 


Distribution transformers are placed either in vaults on the 


customers’ premises or on poles, in which case the cable is carried 
to the top of the pole, where it terminates in an outdoor 
type terminal. Secondaries may be carried either back down 
the pole in the same kind of cable or run overhead to the 
building. Where cables run up the poles an additional pro- 
tection is given by means of an iron pipe through which the 
cable runs. This pipe extends to a point about ten feet above 
the ground. 

The question of cost on such an underground system must 
be taken up in each individual case, for it will vary a great deal 
with the quality of soil, cost of labor, probabilities of taps, 
extensions, etc., but it may be said,in general, that in places 
where it is not required to lay more than four cables in a trench, 
the steel tape cable, laid directly in the ground, will be found to 
be cheaper than any of the other systems. Asa typical example 
of actual costs the following gives an idea, the figures being 
taken from a job carried out in Vancouver during 1911-1912. 


ge 
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Size of Cable Amount laid, feet Cost per ft., cents Total cost 
No. 00 73,336 .6 52.24 to 62.18 $44,319.26 
2 560.0 42.5 238.00 
6 1,071.3 29.6 : 317.10 
TOTALS 74,964.9 60 cents average $44,874.36 
Pulling cable (including splicing straight joints) $0.04 perft..............0ee eee 2,992.69 
Trenching 
Unimproved streets 28,224.2 ft.@ 0.50 cts. per lin. ft..... 14,112.10 
Macadamized 13,207.9 “ @0.58 ¢ ig Be ong A 7,660.58 
Plank walk 1,190.2 “ @0.58 i SED INSET A eee 690.32 
Concrete walk 261.1 “ @0.95 S “ Beene 248 .04 
Wood block (con. base) 6,547.7 “ @0.95 « Sl fe orev 6,220.32 
Brick Do. 20320 * @ 1.105 § he Ct eae 213215, 
Stone Do. 4,302.2 “ @1.10 ® * rwic 4,732.42 
Bitulithic pavement 1,095.8 “ @1.15 eZ ¢ € 1,260.17 
TOTALS 55,022 .1 0.632 average 35,137.10 
arscraicps gointspoxes) «@). $14.90: 22... secretes © <|cvo cise ere easlexchee i: fs ayer stenstastouege < 1,102.60 
15 Tees (TOD QO e ree ea sett aie Rew Stars, a terepaie in canes tack eeevene tae 343.50 
4 Outdoor terminals (Gi ZO OO TREE Fis apne ate: kB olaecl afer letaus seca oetete maak 116.00 
2 Inside terminals @) AO Sig «res gee epee Brecohaceeososc oc o00e Gone 20.30 
UC CL Ge etal MMMM oop i che cet cre.circtce te ceoomen nate tesa tsnvusce acta aramepetinus = torate ais commas 10.00 
Maborion terminals joints ONOG' Sts JOUMtS)icc 6 fe... feet obs sien stats auelalbnete fs oaliatere 409 .04 
6 railway crossings \(matl. 140.22 Labor. 94.86))..02. 2. Seok bale wee tac -lamien eens 235.08 
Q6 street crossings (matl. 2440.18 Labor 1437.25) 2 oc s.06 ccs cu weiss ne nen ee ees 3,877 .43 
Additional excavation forichanpes im gradeé:i. so. jcc. ccc eee ce be ce cease ea eee 439 .49 
owing pulcdingumatertal eb. \o pcje) 125 «6 ofota elon  ayele «SO ouela aia feplk je aieie were 294.70 
PSIsechion DOxes MaboranGd WIALerIal. © oh. ee cia ctels sisels eos eave wa ole 9 brehs ioe we eins 2,250.00 
TOTAL COST $92,102.29 


Cost per ft. of cable $1.23 

Cost per mile of cable $6483.84 

Feet of cable per ft. of trench 1.36 

No overhead charges or engineering are included in the above. 


Operating troubles have been few and far between, there 
having been, during two years’ operation, but three cases. Two 
of these were caused by city workmen making sewer excava- 
tions taking the cable for the root of astump and chopping into 
it with an axe or pick. On one of the pieces of cable so damaged 
we found the marks of 13 blows before the axe cut through to 
the conductor. The third case was a faulty joint at a section 
box which broke down the day after it was placed in service. 

A complete card system is kept containing records of all 
cable locations, joints, etc., and we installed our own hubs in 
the streets as markers, the city hubs not being well defined. 

This cable is practically a submarine cable,and in fact we 
have one length of 1500 ft. (457 m.) crossing the Pitt River, 
which has now been in service for two years without any trouble. 
The bottom on which it lies is fine silt or sand and there is a 
four-mile current caused by the tide. In another case it was 
necessary to cross a railway yard to furnish power to a pump 
located about 1000 ft. (304 m.) from the factory of the consumer, 
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the motor driving the pump to be controlled from the factory. 
As the expense of excavating for the laying of a cable would 
have been excessive and there was already a 12-in. (30.4-cm.) 
water main running from the pump to the factory, the cable 
was pulled in the pipe, the inlet and outlet of the cable being 
made through stuffing boxes. This has also proved very satis- 
factory. 

The cable is composed of stranded conductors insulated with 
paper, the three conductors being insulated again with paper 
as a unit before the lead is put on. In most of the cable in this 
installation the conductors are sector-shaped, so that there 
are no spaces to be filled with jute or other material and a smaller 
over-all diameter is obtained, for a given size, than is possible 
with the round conductor, thus requiring less lead, steel and 
jute, and making a cable lighter in weight. The lead sheath 
is in. (3.1 mm.) thick and over this is wound jute yarn im- 
pregnated with tar. Outside of this jute are wound, in the 
same direction, two layers of mild steel tape 0.039 in. (1 mm.) 
in thickness and 1.5 in. (87 mm.) in width, so laid as to break 
joints. Over this tape is again wound yarn impregnated with 
tar. The over-all diameter of such a cable in three-core No. 00 
for 4000 working voltage is about 1.75 in. (34.5 mm.). 

One of the most important factors in the use of a cable buried 
directly in the ground, instead of being in conduit, is the ease 
with which heat can be radiated. Although the amount will 
vary somewhat with the character of the soil, it is safe to say 
that on this account an increase of approximately 15 per cent 
may be allowed in the current-carrying capacity over that in 
conduit. Exhaustive tests on this subject are now being 
carried out. 

In regard to the life of a cable installation of this sort, nothing 
definite can be said as yet. The writer has personal knowledge 
of a large installation which has been in service in volcanic 
soil in the City of Mexico since 1900, and no perceptible de- 
terioration has occurred, except where exposed to extreme elec- 
trolytic action, and in these cases it had a much longer life 
than lead cable in conduit in the same vicinity, due to the steel 
tape acting as a protection. 


1914] DISCUSSION AT SPOKANE 1305 


Discussion on ‘A DistRIBUTION SYSTEM FOR PoweER Pur- 
” 
POSES” (Nims), SPOKANE, WasH., SEPTEMBER 10, 1914. 


J. B. Fisken: It was my good fortune last year at the Pacific 

Coast Convention at Vancouver to see quite a good deal of the 
work that Mr. Nims had done with this ductless cable. I 
haye noted some of the points on which I would like to hear some 
discussion. These are: the relative cost of ductless and duct lines, 
the use of the various insulations, such as paper, varnished cam- 
bric, and rubber, and the relative advantages of the wire.of the 
shape he mentions as against round wire. 
_ It appears to me that this system of ductless underground cable 
is eminently suitable for distribution in residential districts, 
but I don’t see how it can be practicable in congested districts 
such as the business part of the various cities where you might 
have as many as thirty or forty cables in one duct line; it would 
appear to me that there would be many operating difficulties— 
or, rather, maintenance difficulties in keeping such a lay-out 
as that in commission. 

P. M. Lincoln: This matter of the kind of cables that Mr. 
Nims is using is probably the most interesting point in the paper. 

I ask first if he has any difficulty in locating faults and if he 
can locate them so that he does not have to dig very much when 
he comes to find the fault and repair it; also I presume that this 
type of installation would not be at all applicable where you have 
to take up pavement to make repairs—in that case I presume 
it would be out of the question. 

The question which Mr. Nims mentioned, of this being much 
more capable of getting rid of heat, is an important one. When 
the Niagara Falls plant was installed 2200 volts was the voltage 
and it was considered high at that time—1893-4;—those were 
3740-kv-a. generators, and there were ten of them, which gave 
a whole lot of current to take care of. That current was dis- 
tributed to our various customers at 2200 volts and it was 
distributed through cables in ducts, and the problem of getting 
rid of the heat in those ducts was at that time and still is one of 
the most difficult problems which has to be dealt with. I can 
assure you that any means of increasing the capacity of the cable, 
so far as the heat is concerned, appeals to me on account of my 
experience there. We made many duct conduits in the early 
days, some of them as many as 36 ducts, and we found the cables 
in the middle of those many-duct lines would have an exterior 
temperature rise of 50, 60 or 70 deg. fahr. to begin with, some of 
them more than that, so that you can see that the problem 
of getting rid of the heat, particularly the heat in those con- 
ductors which ran in the interior ducts of the conduit, became 
a very serious one. They have even gone so far as to circulate 
water in some of the ducts in order to get rid of the heat. This 
is really an important problem, particularly where large amounts 
of power have to be dealt with at relatively low voltages. 

F. L. Rohrbach: Regarding the cost of underground systems 
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which would include a duct and manholes, I do not think there 
is any question but what Mr. Nims has used the cheapest method 
in his system at Vancouver; but I ask Mr. Nims if he has considered 
the case of using ducts and leaving out manholes (except those 
necessary for switching); also the use of lead-covered cables, and 
what that would mean. I suppose this cable could be exposed 
at points where the manhole would naturally be built, so that 
in case of trouble it will only mean digging down at each manhole, 
or where the manhole should be, and pulling out the cable that 
isin trouble. It would mean also that you could watch the size 
of your cable; and when necessary it would be easier to take out 
a small cable and replace it with a larger one. Now, I do not 
know exactly the difference in cost between this steel-armored 
cable and lead-covered cable, but judge it would be about ten 
cents per foot, that is, for the same size cable used with the steel 
armor and cable used in duct. Where you have three ducts in 
one line, they can be laid cheaper than three lines of single 
duct—I would figure the saving in cable roughly at ten cents 
a foot; thus lead-covered cable would be probably $7,300 cheaper. 
Another place you could save would be in the cost of the straight- 
joint boxes; that would be $1100 over the other method, as 
I understand these boxes are a means of connecting the armor 
on each side of the lead sleeve and keeping it continuous. 

I do not understand the items under the “ six railway cross- 
ings’ and “ ninety-six street crossings.”’ There are no lengths 
given and I have no idea what the total distance is. If they 
are ordinary streets of 75 or 100 ft. it seems to me the cost is 
high, asI understand that is where the wooden duct was installed. 
Of course I know nothing about the labor costs in Vancouver, 
but here in Spokane I would estimate that a single fiber duct 
surrounded with concrete could be installed for about sixteen 
cents per duct foot, and wooden ducts for twelve or thirteen 
cents. Of course my idea in installing this lead-covered cable, 
in a duct throughout the whole system, as well as at crossings, 
is simply for the purpose of being ready to pull out in case of 
trouble; and I think Mr. Nims will find that if there is a break- 
down in the cable there will be some difficulty in locating the 
point of trouble. I have found that a good many Eastern 
companies in testing for trouble use what they call the “ cut- 
and-try ’’ method. That does away with any complex test. 
Most of them simply go out and cut the cable probably at the 
center and find out which half it is in and then trace it back. 
I think this would probably be the case at Vancouver, although 
there may be some other method of doing it. There is one method 
which is used by simply putting a current on the conductor that 
is in trouble and then reversing the current. You go along in 
each manhole with a compass held close to the cable, and when 
you come to the point where your compass does not vary, you 
have passed the point of trouble and you know which section it 
isin; but you would be unable to do that with armored cable. 
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I suppose that Mr. Nims has certainly considered the conduit 
and manhole construction, and if he has I would like to hear 
approximately what the difference was in his estimates, and 
also if he has considered the duct alone, leaving out the manhole, 
because it would be a simple question to leave a four-foot section 
and have your joints there so that you could easily get down and 
uncover your cable. Of course I understand that by doing this 
you would have to cut your cable up in smaller pieces, have 
more joints, but you would get rid of making your additional 
joints over your lead-covered cable which you do with these 
straight joints. I think that here in Spokane I could come pretty 
close to this total cost, and put in a single duct, leaving out the 
manhole. 

There is another question: Mr. Fisken said something about 
a large number of cables. I think it would be entirely out of 
the question to put in many cables; in fact, I do not know but 
what four would be too many, and especially as the size of the 
cable is not stated; for it would depend entirely upon the size 
of the cable. When you get a cable from about 1.2 inch to 1.7 
inch the additional cost of the armor runs up considerably, 
varying from ten cents if the lead sheath is 1.2 inches in diameter, 
up to 19 or 20 cents, going up very rapidly to 1.7. The cost of 
the duct in fiber (fiber and cement) is about 16 cents; that is 
not including the trenching because I have taken for this es- 
timate that the trenching, is already done; I have only taken the 
cost of installing the duct, which will run from probably 16 
cents down to 10 cents, depending on the number of ducts. A 
wooden duct would be cheaper, possibly from fourteen down to 
seven or eight cents. 

The amount of heat dissipated by this cable is placed approxi- 
mately at 15 per cent over one working in a conduit. I would 
like to ask Mr. Nims if he has made this test, whether it is be- 
tween armored cable in a duct and armored cable in the ground, 
or whether it is between armored cable in the ground and lead- 
covered in the duct. The additional insulating (jute) over the 
armored cable would probably cause an increase in heat of seven 
or eight per cent; that is, it would be harder to get rid of the 
heat due to the doubling, practically, of the insulation. 

And regarding electrolysis, there is no question that the armor 
would be some protection against electrolysis, but still if elec- 
trolysis was present the armor might give way and the lead 
would possibly be eaten up, or if electrolysis was not sufficient 
to eat away the armor it probably would not injure the lead so 
quickly. : 

C.S. MacCalla: I had a little indirect experience some years 
ago in the system which was in the city of Sydney, Australia. 
The New South Wales government owns and operates the 
street railways in Sydney, which is a city of about three-quarters 
of a million; I happened at that time to be working for an 
American contractor who was installing a three-phase generating 
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apparatus and substations. The cable was placed by an English 
contractor; it differed from Mr. Nims’s cable and was consid- 
erably inferior to it; it had no iron armor and no insulation outside 
other than a little bitumen. The cables were laid in open 
trenches, I think about as many as eight in a trench, and were 
surrounded with a bituminous material and covered with treated 
plank. This cable was installed some months before the generat- 
ing apparatus was ready for operation, and when they came to 
put the current on we had all kinds of trouble; and when in- 
vestigated it was found that electrolysis had destroyed a large 
portion of the cable. If I had been the operating man at that 
time I would have been very thankful for a few ducts to pull 
out the cable. The whole city, which was largely paved, had to 
be dug up, the streets were torn up for some time, and the system 
had to be practically relaid. 

H. V. Carpenter: I have had a little experience along this 
line, and I might state one instance which shows the durability 
of the steel armor. We have one cable line across the college 
campus, in which the cable is laid about two feet underground; 
during the excavation for our new engineering building recently 
they got over the line too far, and I found them tugging away 
at the cable with a plow and team, but they hadn’t damaged it, 
so we moved it over out of the way. The cable showed no injury 
at all. Itseems to me that in cases of that sort, where it is in 
a park or some place where there is no pavement, and there is 
no danger of electrolysis or any of those things, the use of the 
buried cable is very satisfactory. 

Regarding the location of faults, I would like to say that the 
system which is now in use quite commonly by water companies, 
for locating troubles in pipes, could be used for locating faults 
in this cable. That is, put a current through the cable to the 
point where the fault occurs, and then take a coil with a good 
many turns on it and connect up the telephone receiver, walk 
ae the ground over the cable, find the fault and dig it up and 

RG. 

P.M. Lincoln: About that last-mentioned method of locating 
faults—I have had some experience with it. That very same 
scheme was tried by: the Niagara Falls Power Company back in 
about 1896 or 1897, and the trouble we found was that the 
location of the fault thereby was not definite. There would be 
at the point of the fault a slight diminution of sound in the tele- 
phone, but you would hear the telephone still buzzing for five 
hundred feet beyond the fault, and we found that the location 
of the fault was so indefinite that we had to abandon that scheme 
and locate our faults by some other method. 

H. V. Carpenter: I think the accuracy with which that 
location could be made would depend considerably on whether 
het inductive coil was working by electrostatic action or by 
electromagnetic. If a current of sufficient strength is put 
through the cable to the point where the fault is located, so that 
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the action is not electrostatic, then the trouble would be located 
quite accurately. ; 

_ P.M.Lincoln: The influence of the cable upon the telephone 
is due to electromagnetic induction entirely, and the difficulty 
was undoubtedly due to the fact that the current, after it left 
the fault, followed the cable and got away into the ground rather 
gradually and the telephone would not distinguish whether the 
current flowed in the copper conductor or in the lead sheath. 

Edward Woodbury: The paper states: ‘‘ Water for cool- 
ing is taken from the city mains.”” I wonder if they waste that 
water or whether they attempt to save it. We have a small 
pump and cooling tower and the water is circulated; then for 
an emergency we have a city supply and in case the motor stops 
running the city water is turned on automatically. 

G. B. Rosenblatt: Regarding water-cooled transformer 
substations, I wonder whether, where Mr. Nims comes from, 
they have any trouble with their cooling system from freezing. 
The matter of climatie conditions might be of further interest. 
I wonder how much freezing of the ground they have to contend 
with when they have any repair work to do in winter on the cable 
system. 

John Harisberger: The use of cables in trenches without 
ducts appeals to me, especially as to first cost, if it is not intended 
to make numerous connections. 

The problem of cooling water for transformers has confronted 
most operating companies. Use of city water is expensive, and a 
cooling tower is not a perfect arrangement. We have a rather 
novel arrangement in our Everett substation to prevent the 
waste of water. There are two pipe lines, one at 125 pounds 
pressure and one at 80 pounds pressure. The water for the 
transformer cooling coils is taken from the 125-pound line through 
a reducing valve which reduces the pressure to 90 pounds, and 
is discharged into the 80-pound line. This arrangement has 
proved quite satisfactory. 

One of the gentlemen mentioned a cut-and-try method for 
locating trouble in cables. I wonder if Mr. Nims had any facil- 
ities for sectionalizing his 60,000-volt overhead lines, such as 
pole-top switches. If pole-top switches are used, has he found 
them satisfactory? ois ; 

L. J. Corbett: This paper relates to the actual engineering 
features of an installation for a definite purpose. We can ap- 
preciate a difference between the installation for power alone, 
and one for both lighting and power. When the lines are opened 
temporarily or the voltage fluctuates due to some heavy load 
coming onto a system of the latter class, there may be a good 
deal of trouble caused, and complaints will be heard from the 
lighting customers. On a purely power load the fluctuations 
are not so noticeable, and while shut-downs may cause incon- 
venience, this is not comparable with a similar one on a lighting 
system, and for these reasons certain economies can be effected 
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in the installation of such asystem. Going still further, there are 
yet other systems which take greater liberties. In the case of 
a private manufacturing plant, for instance, which is generating 
or even buying its power and distributing it through its own 
system, liberties are sometimes taken with standard construction 
which would not be considered at all by a power company serving 
an exacting public. In Mr. Cotton’s address which was given 
yesterday, we heard the term ‘‘ near confiscation.’’ We have in 
such cases as these at times a condition of ‘‘ near unsafeness,”’ 
and the limit is quite often approached rather closely. 

I recently had occasion to make an estimate upon asystem to 
use steel-armored cables, and found the cost to be somewhat 
more than that of lead cable and iron pipe conduit. The differ- 
ence was not great, but it appeared to me to be in the wrong 
direction. 

As has been brought out, quite frequently tests are made so 
closely that one can locate a fault within a very few feet, if the 
data regarding the length of line, distances, etc., are definitely 
known. In one or two of the cases just mentioned where 
the coil and telephone receiver were not successful, it occurs to me 
that possibly the reason for not locating the fault more closely 
might be this: If you have a large number of cables in a set of 
ducts, only one of which is faulty, your instrument will not be 
so sensitive as it would be in a case where there is but one cable, 
as in the campus system mentioned by Professor Carpenter. 

PaulLebenbaum: Relative to the advantages of sector as 
against round conductors, I know of an instance in which an oper- 
ating company had a duct line that carried the maximum size of 
cableusing round conductors, the number of ducts being limited by 
physical conditions. It being necessary to increase the capacity - 
of this line, without resorting to a new route, cables of the sector 
type, having the same outside diameter as the round type, were 
substituted for the latter, and the desired increase in capacity 
was thus obtained. 

E. Woodbury: I ask Mr. Nims if a sector cable costs more 
than the ordinary round type. 

H.W.Carpenter: [ask howsmallsize the sector cable is that 
is used; it occurred to me that if the sizes were carried down too 
low the corners of conductors would offer considerably greater 
tendency for electrostatic stresses to break through the insulation 
there than you would get with the round section. 

F. L. Rohrbach: There is one company that I know of 
which does not recommend making a sector cable in which the 
conductor is less than 1/0. They claim that conductors smaller 
than 1/0 are apt to cause too sharp bends or points, which 
introduce the corona effect and sooner or later cause the cable to 
break down. This same company recommends an “oval” 
rather than a “sector” cable, especially for the smaller sizes. 

These odd-shaped cables were first introduced for the purpose 
of saving duct space, and were therefore made in the larger sizes. 
For example, a 4/0 three-phase 15,000-volt ordinary cable is as 
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large as you can install in a 33-inch duct, but by making a 
“sector ’’ or ‘‘ oval ’’ cable, you can probably increase the con- 
ductor to 350,000 cir. mils. For my part, I can see no reason, 
but rather an objection, for making a small size cable in these 
special shapes. My objection would be that you decrease the 
circumference of the lead sheath, and thus cut down the radiating 
surface. I think this cable used at Vancouver was made in 
‘“‘ sector ’’ shape mainly to hold down the cost of the armor. 

M. T. Crawford: I ask Mr. Nims what types of lightning 
arresters are used on the 12,000-volt lines of the system and what 
operating success has been secured. On 13,000-volt distributing 
lines for rural light and power on Puget Sound we have in some 
cases installed horn gaps without resistance of any kind and set 
for about three times line voltage. This type of equipment is 
only installed on the ends of branch feeders into rural districts 
where it has been necessary to keep the cost of construction 
down. Electrolytic lightning arresters are invariably used on 
the busbars in the distributing station. As the 13,000-volt feeders 
frequently run underneath 55,000-volt lines for some distance 
after leaving the station, there is the possibility of accidental 
contact between circuits, as well as the trouble from lightning 
to care for. A short circuit on the ends of these light capacity 
13,000-volt lines will only trip the circuit breaker and cause a 
short interruption, which is preferable to damaging distributing 
transformers. I should like to hear other engineers’ ideas on 
this subject. 

F. D. Nims: There is one portion of the paper which ap- 
parently I have not made sufficiently clear. At the bottom of 
page 1302 you will find it stated “ Where it is not required to 
lay more than four cables in a trench, the steel tape cable, laid 
directly in the ground, will be found to be cheaper than any of 
the other systems.’”’ This does not mean to indicate that I 
would advocate the use of steel tape cable in all cases. In 
fact, for more than four cables in a single trench I would prob- 
ably put in a conduit system of some sort. I have avery vivid 
recollection of having trouble in a lead of 28 cables running 
out from a central station and the difficulties we experienced 
in tracing out the cables. 

We find in testing for faults that the number of cables in the 
trench determines to some extent the accuracy with which 
we can find that fault. There is one method of testing which 
we are using at present which has not been mentioned, and that 
is by the bridge-megger. We find that with this on a 2/0 cable 
we can locate within about 130 feet. We isolate the section of 
the cable which is in trouble by means of the section boxes 
and test from both ends of the faulty piece. By this means 
we generally run our trouble down to within 75 or 80 feet. 
If there is a joint in the vicinity or if any digging has been going 
on we look at that first, but if nothing of this sort occurs we 
open our trench near where the fault is located and test with 


x 


1312 DISTRIBUTION SYSTEM [Sept. 10 


the ‘‘telefault.’’ We find this instrument very good when we 
can get close to the cable with the exploring coil, but we cannot 
work it satisfactorily through twenty or thirty inches of earth. 

As to repairs where cable is under the pavement; we have 
very little difficulty with that. After locating it requires a 
hole possibly three feet square to get down to the cable. The 
manholes or’ section boxes are used only for sectionalizing a 
cable or for cross-connecting cables. Everything is run out 
from the step-down transformers in rings or loops. 

In regard to the street crossings and railroad crossings men- 
tioned here, I will say that labor at the time the job was going 
on was costing $3.00 per 8-hour day. The duct under railway 
crossings, under the British Columbia laws, must be in concrete 
and that runs the cost up considerably. I willstatein answer to 
Prof. Carpenter’s question that No. 6 is the smallest conductor 
we use and very little of that; almost entirely 0 and 00. 

Using city water for transformers costs us for a thousand- 
kilowatt bank of transformers about $8.00 per month. We 
have practically no freezing weather in Vancouver. 

I am unable to give any figures on the difference in cost 
between the sector shape and round conductor cable. At the 
time we purchased our cable we were unable to obtain a sector- 
shaped conductor anywhere in the United States or Canada, 
so bought in England, so that it came into Canada under a 
preferential tariff. _ Where we would have to pay full duty from 
the United States on round conductors, it is difficult to get a 
line on comparative costs. I believe that the sector-shaped 
cable is now being manufactured in the United States, but only 
recently. 

As for pole top switches for 60,000 volts, there is very little 
difficulty in installing them on steel towers, but on our present 
installation the line is so short that we have had very little 
occasion to use them. In fact it has been so seldom that we 
have found it about as easy to open the loop at a strain tower. 

Referring to Mr. Crawford’s question regarding lightning ar- 
resters: Electrolytic arresters are provided on the 12;000-volt 
lines where they have the station, but in no other place. We 
run these lines in some instances on the same poles with the 
60,000-volt lines, but do not consider that with good construc- 
tion there is any probability of accidental contact, and believe 
that the possibility of such a contact is so remote as not 
to warrant expensive protection. ' 

In regard to electrolysis I will say that we have had practically 
no trouble with electrolysis in Vancouver, so that really up 
there we do not know much about it. We had a good deal of 
trouble in Mexico City with electrolysis due to the poor bonding 
on the part of the street railway company, but, as I have men- 
tioned in the paper, we found that the steel tape type of cable 
stood up very much longer than the straight lead cable placed 
in a conduit right alongside on the same street, one on each 
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side, originally laid by the two different companies which we 
took over. There was the same electrolytic action, but we pulled - 
out the lead cable about three years before I left there, the steel 
tape cable remaining, and in those 3 years we had no electrolytic 
trouble. There was a slight electrolytic action on the armor, 
but not enough in any way to destroy its effectiveness. What 
Professor Carpenter said in regard to the strength of the cable 
we have found in several instances. I know we have had wash- 
outs and would have possibly 40 or 50 feet of the cable lying 
out with no support whatsoever, and would try to get into it 
with picks, try to hack it with axes, and all sorts of things, and 
it has been a pretty hard job to get through it. 

We built a duct line, that is, going out of the station to the 
distributing system, at Mexico City. We had a fire some ten 
years or so ago when I first went there and my first job was 
to try and straighten out that tangle. When we tried to find 
out which cable was which it was almost hopeless, so finally 
while the service was interrupted we built a conduit run to 
take the cables outside the yard and got rid of the tangle. 
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ELECTRICITY IN THE LUMBER INDUSTRY 


BY E. F. WHITNEY 


ABSTRACT OF PAPER 


The development in the application of electric drive to the lum- 
ber industry has been exceptionally rapid. Successful sawmill 
companies are now even operating entirely from central station 
service, notwithstanding the large amounts of refuse available 
for fuel. 

The paper considers the lumbering industry as carried on in 
Washington and Oregon, and describes the application of elec- 
tric power to the various operations carried on under the two 
main divisions of logging and milling. Typical applications are 
described, to illustrate types of motors and power transmission 
equipments, and the average power demands of the various 
logging operations and milling processes. In addition to the 
machines used in ordinary sawmill work, those used in planing 
mills and shingle mills are described. The question of the dis- 
position of waste is considered, and comparative fuel values are 
given. The illustrations show logging operations and electric- 

_ ally driven saws, finishing machinery and lumber-handling 
machinery in the Pacific Coast lumber districts. 


hose first comprehensive applications of electric drive in the 
different branches of the lumbering industry are of such 
recent date, and the individual installations vary to such an 
extent, that no general treatment of the subject could be under- 
taken until more well-defined practises were settled upon. 
Not more than four years ago a completely electrically-oper- 
ated sawmill was considered a hazardous undertaking; today, 
a new mill adopting other than the electric drive is the exception. 
The results of such operation have been so gratifying that today 


_ we can show two large and successful sawmill companies opera- 


ting entirely from central station service, in spite of the large 
amounts of refuse available for fuel. 

‘The first completely operated mill was put in operation about 
1908; the total installation consisted of 800 h.p. connected 
load, with a generating plant capacity of 600 kw. The first 
electric logging engine was put in commercial service in 1912. 
The electric railway, used solely for logging purposes, is yet 
to come. 

Before the above date many special machines—and often 
complete planing mills—were driven electrically, but none were 
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willing to pioneer such drives for the heavy duty sawmill ma- 
chinery required for Coast conditions. There is necessary today 
but one further step, viz., a drive for the cumbersome log car- 
riage that will compare favorably in first cost with the simple 
twin engine, and the necessity for steam will be entirely banished 
from the milling branch of the industry. 

The lumbering industry, as a whole, must be divided into two 
distinct classes of work for our consideration: logging and milling. 

Under the first heading we have the following operations: 
felling the trees: cutting to desired lengths: gathering from 
the woods: loading: hauling to distribution centers: unload- 
ing: sorting: rafting and towing. 

Under ‘milling’? come the manufacturing plants and their 
various processes, which:must be divided into: saw mills: 
planing or finishing mills: specialty mills. 

The Pacific Coast and Northwestern States, together with 
British Columbia, contain two-thirds as much standing timber 
as there is in the entire United States; Oregon contains approxi- 
mately one-fifth, Washington one-seventh and California one- 
seventh. In lumber production Washington, Oregon and Cali- 
fornia rank, respectively, first, fifth and fourteenth and their 
combined output is one-fifth of the total cut of lumber in the 
United States. The sawmills alone in these three states require 
approximately 240,000 h.p. for driving their mill machinery, 
Further than this, in the two northern Pacific Coast states, 
viewed from the point of manufacturing industries, the lumber 
production is of even greater importance; for instance, in 1913 
the value of the lumber mill output in Oregon was approxi- 
mately one-third of the total value of the manufactured pro- 
ducts in that state. 

LOGGING 

In the branch of the industry embraced under the heading 
“logging”, progress in the application of electric drive was very 
slow. It is only of recent years that power-driven logging 
machines have met with general favor, supplanting the old ox 
team. The flexibility of steam engines under the very severe 
demand imposed in such work, was thought to be an insur- 
mountable obstacle to the adoption of any other system; for 
instance, the loggers demand an equipment which can stand 
very heavy overloads momentarily imposed and which, at the 
same time, has flexibility enough to allow the progress of the 
log to be stopped almost instantly should it encounter an 
obstacle. 
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At the present time it is estimated that there are approxi- 
mately 3000 steam-driven logging engines in the two states of 
Washington and Oregon. Most of these outfits are twin- 
cylinder engines approximately 10 by 12 in. (25.4 by 30.48 cm.). 
The average operating boiler pressure is 160 lb. (72.5 kg.) gage, 
so that they have great capacity for intermittently imposed 
heavy overloads. From the viewpoint of electric operation 
this requires a motor which will seldom come anywhere near 
its continuous capacity, but which will frequently be called 
upon to exert its maximum torque. 

In these two states the operating companies total 532, with 
an output of 7,080,000 M. ft. (board measure) or about 23,600 
M. ft. (board measure) per day. The scene of their operations 
is often far removed from railroads; in the above operations 
the average distance from the scene of logging operations to 
the mill or to tidewater, varies from one to 35 miles (1.61 to 
56.3 km.). The average distance is approximately 15 miles 
(24.15km.). The maximum distance of which we have record 
that logs are handled by rail in either of these two states, is 
120 miles (202.1 km.), and by towing—after reaching tide- 
water—125 miles (210.1 km.). 

An added drawback to the use of electricity in the camps 
was discovered in the distance of the operations from the centers 
of power generation or present transmission lines. 

Logging operators demand the simplest possible outfit, which 
necessitates the adoption of alternating current for such work. 

The average cost to the logging company of logs at the boom 
is approximately $8.00 per M. ft. board measure. This is 
divided approximately as follows: 


iDS@Tel GUBVRUeS. goo cab sos Soe bgomua aap eo om 17 per cent 
Logging (including felling trees, gathering and 

‘keaebiaked))."8 nis.c.c gad6 Sune one obo OU agmmue opm XO) ete ee 
elaulineap vara meee tects net o oeilel oust 2cele Tall ada 
Handling at boom (including unloading, sorting, 

rafting and towing) ones. ++ e+e ee Oe vos: 
Siumpares serdar ace seat + <2 ue Haelnatem Pere L3 eee 


We therefore see the great expense to the logger in felling the 
trees and gathering them from the woods, and in hauling 
them to tidewater. It is in connection with these two items 
that electricity has its greatest possibilities. 

There has been developed, for the logging engine, a motor 
which has all of the characteristics demanded, viz., heavy con- 
struction; ability to stand severe overloads; ease of control and 
no complicated parts. After exhaustive tests the Potlatch 
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Lumber Company put the first two electric logging engines 
into commercial operation in 1912*. These outfits operate on an 
overhead system, lifting the logs from the ground and letting 
them come in practically by their own weight in hillside work, 
or pulling them in when working in flat country. Typical 
operating data are given in Mr. Barry’s paper. 


Motor EQuiIpMENTS 


The motor equipments shown in Figs. 1, 2 and 3 are adjustable- 
speed 150-h.p., 600-rev. per min. synchronous speed, 550-volt, 
three-phase, 60-cycle induction motors. Power is received at 
portable transformer substations—one substation for each equip- 
ment—at 11,000 volts and is stepped down to 600 volts for use at 
the motors. See Fig. 4. Rubber-covered armored cables run 
along the ground from the substation to the motor, the dis- 
tance never exceeding 1000 ft. (304.8 m.). 

In order to prevent mechanically over-taxing the equip- 
ments, an inverse-time-limit overload oil switch is set to give 
practically instantaneous operation when the pull upon the 
main cable reaches its breaking strain. For quickly starting 
or stopping and to prevent overwinding the cable, a solenoid 
brake is mounted on the front end motor shaft extension. 

These outfits are also called upon to load the logs on cars 
and to spot the cars, and even under these conditions the elec- 
trically operated outfits hold the camp record for a day’s opera- 
tion, viz., 55,000 ft. board measure, gathered and loaded by 
one logging machine in one day. This quantity is comparative 
only to this company’s other operations; the capacity of steam 
donkeys under similar circumstances is 40,000 ft. per day. 

The following table gives representative performance figures 
for the various operations: 


WoRK PERFORMED INPUT DurRATION. 
Tightening standing line, 2800 ft. of 

L}-lns steel cables stews culate cree Ce 260 kw. 10 sec. 
Rumningitrolleysoutmcn anette tien a semanas Accelerating, 100 kw. 


Running free, 35 kw. 40 to 60 sec. 


HloesS00 fi Dima k, i). Une mene eer enn en 70 kw. 40 sec. 
# logs total 2000 itt. mast cee eet eee eerie 145 “ ayaye i 
oy fs "2 V600 ft pancetta cee ee 210 * GO 
1 log Se 100 Stay... ear ck ae ee ee 85 * “hy 
Alp st) “9 L800, Sb 5:0. ncvays eet eee 95m 90) ¢ 
Loading logsionicars eee eae aen ane eee max. 100 “ 
ming. E7ORe 3 to 5 sec. 
ave. So)" 
Moving icars 2215,. se ceinehe eae eee ae Maki fe208© 
mine - 25. 3 to 5 sec. 


*E. J. Barry—A.1.E.E. PROCEEDINGS, September, 1913. 
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[WHITNEY] 
Fic. 1—FrRont END, ELECTRIC LOGGING ENGINE 


My 


[WHITNEY ] 
Fic. 2--ELectric LocGinc OutFrit MouNTED ON SKIDS AT SCENE OF 
OPERATION 


PLATE XCVII. 
A, ls Es Es 
VOL. XXXIli, 1914 


Fic. 3—Frrst TrraL Ovutrit, UsING STANDARD Motor EQUIPMENT 
This outfit operated successfully under varying conditions for a period of three months, 
to obtain data for later applications. 


Fic. 4—PorTABLE TRANSFORMER SUBSTATION, 11,000 To 600 VoLTs. 
ARMORED CABLE LEADING TO LOGGING ENGINE AT LEFT 


Fic. 5 —GENERAL VIEW OF PoTLATCcH LOGGING OPERATION. ELECTRIC 
LOGGING ENGINE AT LEFT, SUBSTATION AT RIGHT. [WHITNEY ] 


i? 
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In all of the above operations the load is of short duration, 
so that the daily energy consumption is small. For a 10-hr. 
day approximately 400 kw-hr. are consumed gathering and 
loading 50,000 ft. b. m. Fig. 5 shows a typical logging 
scene in this country. Fig. 6 shows the type of equipment 
adopted by the C. A. Smith Lumber & Mfg. Co. It is intended 
for hauling logs on the ground by the old method of “skidding”. 
The motor is wound for 2200 volts. This pressure has been 
adopted by this company as most economical under its con- 
ditions, which require that it cover at least one mile in every 
direction from a distributing point, to several operating loca- 
tions. A permanent 60,000/11,000-volt substation in the 
center of its holdings will distribute to three or four 750-kw., 
11,000/2200-volt portable substations, each feeding one unit 
of its operations. 

Of late, a great deal of attention has been given to the use of 
oil fuel and coal, as well as wood, for logging engines, and in 
order to see the comparative operating costs the following figures, 
covering fuel and labor for a logging engine only, have been 
prepared. These figures are based upon operations under sim- 
ilar conditions in the same camp and doing the same general 
work. 


Average quantity handled per Gaya mie ace meice 76,200 ft.. b. m.* 

« distance of yarding.......--+++++-+> 670 “ (204.2 m.) 

CE Size loge cr aaiste erie l=) eis e ocesmia ten si 1900 “ b. m.* 

& time per log. ....-. 2.22 cee eer escent e 15 min. 

® wood burned per day........+++++-+- 1650 ft. b. m.* 

“ fuel oil per day.....--.+--eseeeeeeee +8.8 bbl. (11,192 liters) 

« coal per day. .....+scse-ecereeeerns 23 tons (2.245 metric tons) 
Electric power energy constimption........--- 475 kilowatt-hours 


Outfit working 70 per cent of time—delays 30 per cent of time. 


*In lumber scale 1 ft. b. m. is the equivalent of a board 12 in. (30.48 cm.) 
long, 12 in. (80.48 cm.) wide and 1 in. (2.54 cm.) thick, or 144 cu. in. 
(2359.7 cu.cm.). The log scale considers all items of loss in manufacture 
and endeavors to allow for these losses so that the log estimate and lum- 
ber production may approximately agree. It considers loss due to saw 
kerf, defects in log, varying diameters at top and butt, etc. There are 
several rules used in different localities—one will under-estimate the lum- 
ber in small logs—another will under-estimate large logs—and the third 
(which is rather generally used on the Coast) gives a mean value, approxi- 
mating more closely conditions as found. The above values refer to log 
scale and therefore represent a greater cubical content than would be the 
case after same was manufactured into lumber. A very good comparison 
is given by the following: 

1000 ft. b.m. log scale weighs approx......-- 8000 lb. (3628.8 kg.) 

1000 “ “ Jymber scale (green lumber). . _3300 “ approx. (1497 kg.) 

¢ 1 bbl. oil =336 Ib. (152.4 kg.) 
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ELEcTRIC OPERATION: 


476 lewshr oat 1 46.perdew-btravci4spatioe poate tee $7218 
One motorman Jah wisminasteas «cette ake cece a bo Ree 3.75 
otal perday a aaamkecs Ate. eee sore $10.88 
OiL OPERATION: 
(S.diDbi. atSlels per!pbles ao amceer kia oes eke erie a ee $10.12 
LOSING, 5, Sci aes essa PAROS. Bt ken it. eee 3.75 
Water—(based on } of pumping engineer’s time and 4 fuel 
consumption for pumping engine)..................... 2.67 
Lotal per aiayeeree Weer y srcrecs $16.54 
COAL OPERATION: 
29" tons ab. S425 \ cna qeinecieisio cate ete ee oes ee $10.62 
EMRIN CER, eR itieinch: a aciste Aa ete cia} aa ee 3.75 
Wiater(seeiOill Operation) ncneihin aaeaaeee eee eee 2.76 
Rotel) oar $17.13 (per day) 
Woop OPERATION 
1650) feibwins at G7 O0per ieee tees See ee eee eee $11.55 
BAGINGET foto ac. nete yh emt ead ee a ee 3.75 
Onetwood buckeye = seat saa or eee) en ee eee 2.75 
Water (see. above) trnmananie usar Peete ts ak oe 2.88 
‘Lotal per tay aca sas meee oe $20.93 


The fuel costs given above are arbitrary and are taken as 
general averages. It is questionable whether oil and coal can be de- 
livered to the donkeys for such a low price, considering all items— 
handling, storing, pumping, etc. Without, doubt, the cost of 
fuel would be higher than the value assumed, in the majority 
of operations. The cost of wood for fuel is estimated as follows: 


Stump valves. aes eee eee $2.50 per M. 
Logginpyicostieeni. scene eee 700 ee 
Extra cost for placing behind 
Gonkevip aussie coe ce see OOO Ss 
ALCORE] cee ge eecctteke $7.00 per M ft. b.m. 


The higher interest charge in the case of electric operation 
due to first cost of transmission line, substation, etc., is more 
than offset by the very much greater depreciation in the case 
of steam-operated outfits. No attempt has been made to cover 
this item for all cases. As a conservative estimate, however, 
the maintenance of a logging engine boiler 72 in. diameter by 
1443 in. long, with 374 two-in. tubes, is not less than $200.00 
per year, and in view of the severe service its useful life will 
not exceed eight to ten years. | 

Averaging the above costs for fuel and labor, with oil, wood 
and coal, shows a net saving of $7.35 per donkey per day in 
favor of electric operation. ' 

An electric unloader is used which dumps the logs from the 
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ears at tidewater. This is operated by a 37-h.p. hoist motor, 
and unloads 30 cars, each containing 7000 ft. b.m., in approxi- 
mately 20 minutes. This time includes that necessary for spot- 
ting the cars at the log dump. This unloader used a total of 
90 kw-hr. for unloading 4000 M. ft. 


RISE IN FEET 


ZO TAC Go RCO ONT 120" 140 
LENGTH IN THOUSAND FEET 


Fic. 7—PROFILE oF LOGGING RoapD No. 1 


RISE IN FEET 


ae 
SD 


Bi OTS 20M Zo 450 40 45 


LENGTH IN THOUSAND FEET 


Fic. 8—PROFILE oF LoGGInG Roap No. 2 


LOGGING RAILWAYS 


Figs. 7 and 8 show typical condensed profiles of two logging 
railways. Usually the country to be tapped is rugged and 
mountainous, necessitating heavy grades and sharp curves. 
Track construction is as light as possible. As a general rule the 
grade is in favor of the load and in most cases very little energy 
is required on the down or loaded trip. Oil is the common fuel. 
Because of the grades encountered slow speed locomotives find 
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a wide use, the slow schedule speed requiring train operation 
almost continuously during working hours. The lengths of 
these roads are usually very favorable to electric operation, 
allowing a round trip to be made in a reasonable time and not 
necessitating a train of excessive length. 

In only three of the thirteen counties in Washington and 
Oregon which produce 88 per cent of the timber in these states 
is the average length of haulage less than thirteen miles. An 
average of the thirteen counties shows a main line length of 
15.2 miles. The maximum grades are usually from 5 to7 per 
cent for an appreciable distance, with curves up to 20 degrees. 
The average grade through the line is seldom less than 23 per 
cent and spurs leading to the different camps have even heavier 
grades and sharper curves. 

An analysis of operation is very favorable to electricity, as 
will be seen by the following data, which give conditions of a 
typical road: 


General Data: 


enethof line. n sce te Memone Mente Tee ae oe 214 miles. 
Average grade with load and against empty cars,..... 2 per cent 
Maximum grade, including equivalent friction for 
UN OSS ciarm snes ae 5.4 16 4. Woe mie EIR Oe ane whe) bad Rnwiesl coals 5.5 per cent. 
Gageot trackage: Mee. ttais See re ee 4 ft. 8tin. 
Wicishitioh atlases. 8 tert cr. @ Mele. en Sey. eee ee 60 lb. 
Loaded cars to be delivered per day................ 75 
Weight. of car emptyr.cas 400 on oe ete eee 184 tons. 
& EAS) loaded ja. dctuas ts eect te ee 50 tons. 
OPERATION 
Weightioflosomovivie sya cn in ier eect 60 tons. 
Cars per train either direction...................... 9 
Total weight of train uphill, one locomotive......... 226% tons 
os is a) “downhill a er ee 510 tons. 
Total time for round trip without layovers or switch- 
hot: SEP RUE METI oOo e cae 144 minutes. 
Scheditile time fonroinditripiys.sse «cee eae ne, 3 hr. 
Round trips per locomotive DETIGAV: dents enuctacs a tees 4 
dion-miilesi per co Uric trip ee yeh eis ise cee eee nee 15,800 
- bs Si dey=—= Sirona Uhr p Sen eee eee 126,400 
3 CSW CH Lng Wyeth ec eae 6,500 
Kilowatt-hours per day at locomotive............... 6,110 kw-hr. 
. 3 “~ “from high-tension bus........ 9,050 kw-hr. 
Ave. load per day of 12 hrs. from transmission system 754 kw. 


Three locomotives are required for this service, two main line 
and one for switching. 

With 1200-volt electrification, two 500-kw. substations will 
care for the power demand. The total approximate cost of 
the locomotives, substations, transmission line, overhead, bond- 
ing and feeders is $190,000.00. 

For similar operation with oil-burning locomotives, two 125- 
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ton standard slow speed freight locomotives and four 50-ton 
geared type locomotives are required, and even with this equip- 
ment the train must be broken at the heaviest grade, neces- 
sitating a return trip for a portion of the empty train which 
starts from the terminal. 

The locomotives burn oil fuel, which costs approximately 
$1.15 per barrel for main line locomotives and $1.20 per barrel 
for switching locomotives at the logging camps. Electric power 
can be purchased for 0.9 cent per kilowatt-hour net. 

The following table of maintenance and operation, omitting 
those items which are approximately the same under the two 
conditions, shows a net saving of $20,068.00 per year with the 
electric railway: 


ELECTRIC STEAM 

Interest and depreciation........... $19,000 $ 9,200 
Miaiibenaicenmerpernc craters nels. enters rs 7,168 10,436 
Wales s codhc ss Bab Ob omc aA mn acid 10,200 21,300 
Powe er ake ¢aqeeoob ceca sob eu0 BOr 24,500 38,500 
SCS teh Ad Ee ntet sie es tid 1,500 3,000 
mL OrGall seneeccy tetera ie $62,368 $82,436 


Under ‘electric operation” the different charges cover both 
substation and train operation. There are some items which 
ordinarily would favor electric operation—for instance, track 
maintenance has been considered the same in both cases and 
omitted from our consideration, since in logging railway opera- 
tions the greatest damage to the tracks appears to come from 
the swaying of the loaded cars, and not from the locomotives. 

With steam operation, 84% bbl. of oil were used per day for 
main line haulage for the two 125-ton freight locomotives, and 
two 50-ton shays, and 22.3 bbl. per day for the two 50-ton switch- 
ing locomotives. In this present instance the steam locomo- 
tives are taxed to their utmost capacity while logging operations 
are being carried on at the near end of the timber holdings. 

It will be necessary within a few years for this road to be ex- 
tended approximately twelve miles further, the prevailing grade 
on the extended line being the same as at present, and an anal- 
ysis of the future conditions will show that four locomotives, 
operating thirteen hours each per day will be able to care for 
the output and the conditions will then be very much more 


favorable for electric operation. 
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MILLING 

Under the first heading will come all that part of the manu- 
facturing plant which converts the logs into timbers or boards, 
including all operations—from taking the log from the pond 
until the rough manufactured product is sorted into its various 
dimensions and lengths, ready for storage or further manu- 
facturing. These operations may be divided into the following 
branches: handling the logs: sawing: trimming and sizing: 
disposing of refuse: sorting: storing or shipping. 

In order that the sawmill operator may more profitably dis- 
pose of his better grade stock, a finishing mill is a necessity and 
in reality such a more or less completely equipped mill is always 
understood to be included in the general term ‘sawmill’. 
The operations are so distinct, however, that it has been thought 
best to include the planing mill under a separate heading. 

In those mills which finish a large portion of their product. 
there is between the sawmill and planing mill a seasoning pro- 
cess, which we will term ‘treating’. This consists of arti- 
ficially drying the product before finishing it. Its object is 
to get the material to its ultimate seasoned dimensions before 
the final manufacturing operation. Those operators who must 
overcome the handicap of high freight rates secure an additional 
advantage in eliminating all excess weight due to moisture. 
Some specialty mills (shingle mills, for instance) resort to dry- 
ing solely for the purpose of reducing weight. 

_ The treating process includes: stacking: drying: unstack- 
ing: sorting. 

For economy of space, the material must be stacked in some 
uniform manner; industrial type flat cars are generally em- 
ployed, with mechanical means for loading the lumber upon 
these cars. With the old method of hand stacking, the capacity 
of two men per day seldom exceeded 10,000 ft. b.m., which is 
approximately 2000 boards. 

When the electrically operated stacker is used, the boards 
are taken directly from the sorting chain and two men can 
-are for from 45,000 to 50,000 ft. per day. The lifting arm 
of this equipment, which lifts each stack in position, together 
with a short section of the conveyer table, is operated by a 
* 72-h.p. motor, belted to a line shaft and running continuously. 
The load factor is not more than 5 per cent.. The peak when 
lifting the arm is approximately 12 h.p., while running the 
mechanism light requires 2 hyp: 
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The dry kilns universally follow the old principle of steam 
radiator construction. The steam legs of the radiator are made 
up of a large number of small pipes, one in. (2.54 cm.) to 1} in. 
(3.81 cm.) in diameter, which run the length of the kiln and con- 
nect to steam exhaust headers at the end. Atypical dry kiln 
layout is shown in Fig. 9. It is common practise to admit 
high-pressure steam directly to the pipe. Of late years the 
vacuum system, taking exhaust from the mill engines at 5 to 
30 lb. (2.2 to 13.6 kg.) gage and exhausting into 20 to 25-in. 
(50.8-to 63.5-cm.) vacuum, has come into rather general use. 
Where high-pressure steam is used directly, a reducing valve 
which cuts the pressure to approximately 50 lb. gage is ordinar- 
ily inserted. : 

It requires about 72 hours for drying planing mill stock, and 
six days for drying bundles of shingles. After the kiln has once 
reached a constant temperature approximately 1000 lb. (453.5 kg.) 
of steam per hour are required by the average kiln. 

In green lumber, 30 per cent to 40 per cent of the weight is 
moisture. The dry-kiln operation reduces this to from 6 per cent 
to 10 per cent after drying. The process is not carried further 
as there is no necessity of furnishing lumber drier than the air 
at the locality in which it is to be used. 

After drying, the lumber is unstacked and distributed to the 
finishing machines. The scheme for unstacking edge-piled 
lumber in most common use consists of an endless chain with 
hooks spaced about 10 ft. apart, running in vertical guides, 
these guides at the top being curved to direct the boards on to a 
conveying table. As the hooks revolve, they engage the bottom 
of the stack, lifting it from the car, and the top guides direct 
to a transfer table, from which it goes to the sorting table and 
is classified and taken to the finishing machines. This un- 
stacking device is driven by a 5-h.p. constant-speed motor and 
requires approximately 4 h.p. while lifting the stack and 1} h.p. 
running the lifting and conveying chains only. Its unloading 
capacity is approximately 60,000 ft. b.m. per day. 


PLANING MILL 
Operations in this mill consist of planing or finishing the 
stock, trimming, disposing of refuse, sorting, tying or bundling 
and storing or shipping. 
The product of this mill comprises the highest grade lumber 
and is consequently given close attention. 
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Before planing, it is often necessary to do a small amount of 
re-saw work, but this is of a very light character, its purpose 
being to re-manufacture yard stock to supply the accumulation 
of orders for any one size of lumber. The refuse from this 
mill is the best fuel supply, since it is thoroughly dry. 


SPECIALTY MILLs 
Specialty mills are often valuable adjuncts in utilizing ma- 
terials which would otherwise be thrown away as refuse. Very 
often they have no connection whatever with sawmills and 
must purchase their material in the open market. In the 
following, therefore, we have considered only those specialty 
mills which have a direct connection with sawmills. 


Laty MILLs 


Lath mills are always run in connection with sawmills and 
obtain their material from slabs and edgings which would 
otherwise go to the refuse burner or, at best, to the wood bins. 
The slabs are taken from the main refuse conveyer and go through 
the following processes: bolter: lath machine: trimming, 
bundling. 

Bolting consists of sizing the slab to the dimensions necessary 
for putting through the lath mill. The bolter may consist of a 
number of saws, therefore making several bolts at one operation, 
and requires about 7% h. p. per saw. 

The lath mill consists of three saws, making four laths of each 
bolt, and requires approximately 25 h. p. The laths are then 
trimmed to 4-ft. (1.21-m.) lengths and tied in bundles of 50 or 100, 
after which they are ready for storage or shipment. 


Saw MItis 

In saw mill operations the work consists essentially in man- 
ufacturing a log to boards or timbers of a certain thickness, 
width-and length, so in its elementary form only three machines 
to perform these functions are necessary. In the following, 
therefore, we will follow the progress of the work through the 
mill in its simplest form, afterwards returning to the auxiliary 
machines which have come as a natural result to increase pro- 
duction by performirig some of the elementary functions faster 
or with greater facility than could be done with only the major 
machines. 

In driving the mill machinery, squirrel cage motors are used 
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wherever possible, because of their simplicity and strength. 
Unless specifically noted to the contrary, it will be understood 
that constant-speed, alternating-current induction motors are 
referred to. Practically all of the work is at constant speed, and 
in fact in sawing operations this is of prime importance. In the 
first installations, individual drive for each device or machine 
was used without question, thus, at one step, past practise with 
line shaft and belting, with all group drives, was entirely reversed, 
in an endeavor to do away with shafts, belts and transmission 
machinery entirely. Today, semi-group drive is standard. All 
parts which work to the same end and are close together, are 
grouped. Groups usually embrace such devices as transfer rolls, 
transfer chains, conveyers, etc., which require a certain amount of 
transmission machinery in any event, and which require practi- 
cally the same power when running idle as when working. 
The milling machines themselves are individually driven. 

The power demands of the machines fluctuate so that it is 
practically impossible to plan for other than the maximum de- 
mand which might be encountered. For instance, an edger may 
run on narrow material with two saws cutting a two-in. board, 
and within five minutes, the same machinery may be called 
upon to handle a 6-in. (15.24-cm.) to 12-in. (30.48-cm.) cant, 
requiring four or five working saws, taking in the first place 
approximately 40 h. p. and in the second place 350 h. p. 

In the following, wherever load factor is given, it is taken as 
load factor based upon the time of a working day. Some mills 
operate 24 hours, while others run 10 hours, and it is therefore 
obvious that unless the actual working time for each day is taken, 
the data will not apply universally, 

Fig. 10 gives the general plant and yard scheme of a modern 
Pacific Coast mill. The logs as delivered to the pond are of 
various lengths and sometimes must be cut to accomodate the 
mill layout. This operation is performed more often when the 
logs are still in the water, but is sometimes done after they have 
been lifted to the log deck. Fig. 11 shows the saw used in the 
latter way. The driving motor is a squirrel cage type, 10 h. p., 
and is run intermittently. Its load factor is not greater than 
6 to 7 per cent. 


Loc Lirt 


The logs are carried from the pond either by the old arched log 
haul, or by the later log lift (Fig. 12). In the first case an endless 


FEATE AUVIT. 
Av l Es Es 
VOL, XXXIII, 1914 


[WHITNEY] 


Fic. 6—LocGGING ENGINE OF C. A. SmMitH LUMBER AND MANUFACTURING 
ComPANY AT MARSHFIELD, OREGON 


[WHITNEY] 


Fic. 11—Loc Saw on LoG DECK IN MILL. CONTROL FOR Loc HAUL AND 
CONVEYER CHAINS SHOWN AT RIGHT 


PLATE XCIX. 
As ile Epes. 
VOL. XXXIIl, 1914 


(WHITNEY ] 
Fie. 12—Loc Lirr wita Loc at HaLtr ELEVATION 


[WHITNEY] 
Fic. 15—TEN-Foort Banp HEapsaw AND LOG CARRIAGE AT END OF 


TRAVEL. BOARD WHICH HAS JUST BEEN CUT Is LYING ON LivE ROoLLs 


Syogned Ussyjnos 


=> 


py —7 Ahomafsoyy 
Javad TW ST yar (opera is =o 
eT ey & 
: i = Sa aes ge 
begun, Veystequut |. | yp moe 
adi 4aM0/g- AafA0ssy. 249040 S 
a “spor 1} |® 
oe thy 
SIDA 
i pale Ad{SUOL] 
eee 
3 a 
pays [lOs0uopy : 
‘ jiosouopy | ——— 


a fsossy 


abplig 4asuod || squing hig 


ANVdWOD UAANA] ATIAY-HLOOg—1NOAV] GUVA—OL ‘OT 


a4 


GNOd 907 


DM DUD 


Tay IO{SU/) TM 


i 


Pe) 


SROMDUCO, 


ha 


WW yet Wey |] i 


S 


v 


9 


1330 WHITNEY: LUMBER INDUSTRY [Sept. 10 


chain with hooks spaced several feet apart runs in a groove in the 
arched log haul structure, at a speed of approximately 50 i 
(15.25 m.) perminute. The driving sprocket is driven by a con- 
stant-speed squirrel cage induction motor of about 35 h. Dis 
through the necessary speed-reducing transmission machinery. 
See Fig. 13. The motor runs continuously and the load is thrown 
on or off by the friction device. The log lift is coming into more 
general use, because of the upkeep eapense of the older scheme of 
log haul. 

A canal leading from the log pond is built into the head end of 
the mill, paralleling the log deck. Cables are attached to the edge 
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of the log deck and fixed to hoisting drums overhead, allowing the 
loop to fall below the surface of the water in the canal. The logs 
are floated in and then hoisted, the natural angle of the cable 
as it becomes taut at the end of travel rolling the logs on the deck. 
An intermittent-duty hoist-motor, with reversible controller, 
drives the mechanism. The average load hoisted is 1500 ft. 
b. m., weighing approximately 12,000 lb. (5443 kg.). The 
maximum will hardly exceed 6000 ft. b. m., weighing ap- 
proximately 48,000 lb. (21,772 kg.). 

The rate of hoisting with a maximum load is about 40 ft. 
(12.1 m.) per minute; length of hoist 10 to 35 ft. (3.05.t0 10.76m.). 
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Common practise requires 37 to 52 h. p., depending upon 
the character of the logs handled. The load factor is approxi- 
mately 6 per cent. See Fig. 14, showing a cross-section of the 
head end of a sawmill at the head saw. 

The adjuncts of a log deck, viz.: ‘kickers’ and “ niggers,” 
used for turning the logs and pushing them on the carriage, as 
well as the log carriage itself, are usually steam-operated. These 
devices are uneconomical steam users, but their demands are 
not very great and they are very seldom a source of additional 
cost in boiler plant capacity. 


Fic. 14 


SECTION AT HEADSAW 


The duty of the log carriage, Fig. 15, is very severe, as may be 
noted from the following typical cycle: 


Average SPEed CUTineiCUt cite etelstisisieterctistes fate ons «cas 250 ft. per min. (86.25 m.) 

s “of return (assuming single cutting mill) ..650 “ Mg “ (198.25 m.) 
Total distance of travel one direction............ .... 20 to 60 ft. (6.1 to 18.3 m.) 
Average weight of carriage and log of 1500 ft. b. m. ..38,000 lb. (17,237 kg.) 
Maxinaumi speed during ictittemerataeiiecte as os ee se = 350 ft. per min. (106.75 m.) 
Minimum speed Gturing ict cr cnemieirtetee cs) eres ore 100 ft. Gr MY (30.5 m.) 


From these we see that the retardation at the end of travel 
and the acceleration of return must be at very high rates in 
order to lose a minimum of productive time. 

The log after each cut must be moved up a definite amount in 
preparation for the next cycle. This is accomplished by the set 
works. A five-h. p. constant-speed induction motor mounted 
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on the carriage and running continuously provides the simplest 
means of driving this device. 

With direct current available, a series motor will prove more 
economical in energy consumption and will run only when the 
set works is operating. Current is collected from protected 
trolleys or from a loop cable supported by rings carried on a rod 
attached to the side of the building. A back-geared motor or one 
fitted with silent chain drive proves most compact. The control 
mechanism must be arranged for reversing operation. 

The canting gear, usually driven by a 15-h.p., constant-speed 
motor, is required only when a very irregularly shaped log is 
encountered. It consists simply of a drum with attached hook 
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and cable for turning the log on the carriage. This operation 
is now performed by power machinery in all except the most 
extreme cases. The motor operates so intermittently that its 
energy and power requirements are of little interest. 


Rock Saw 


A small saw ordinarily known as a “‘rock”’ or “barking’’ saw, 
to remove gravel, barnacles or other foreign matter from the 
bark of the log, usually precedes the main saw in the line of cut. 
It operates continuously, and requires a 15-h.p. motor; its load 
factor is approximately 30 per cent. A tin housing, piped to 
an exhaust fan, allows the dust to be carried away. This fan 
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requires 15 h.p. and runs continuously at constant speed, with 
a load factor of approximately 100 per cent. See Fig. 16. 


HEAD Saw 


The essential duty of this saw is to cut timbers of a certain 
thickness from the log. Refinements of this process—ze., 
reducing these timbers to boards—really fall to other machines, 
viz., re-saws and gang saws, because of operating requirements. 
The single-cutting band mill is by far the most popular type 
of head saw; double-cutting mills are in general use when hand- 
ling smaller timbers than are common in the Pacific Coast 
country, but circular head saws are by no means obsolete. 

A typical 10-ft. (3.05-m.) single-cutting band mill is shown 
in Figs. 15 and 17. Driving this is a 300-h.p. constant-speed 
motor with wound rotor, and provided with drum controller and 
resistance for starting duty only. The large inertia of the heavy 
saw tension and driving wheels imposes severe starting conditions, 
but once up to speed, helps greatly in equalizing the load, so 
that in running we seldom encounter very high peak demands. 
The following data are typical of a mill of this capacity: 


Speed of saw wheels...... -+-+-+++-> 300 rev. per. min. 
Running demand range......-+-+--+- 230 to 450 kw. input 
Starting demand........--+-+++++ ++ 560 kw. input 
Duration of starting demand........ 38 seconds 
Running light, input......-...----- 60 to 70 kw. 
Average kw-hr. per day of 10 hr..... 1050 

Load factor—average*......-.+-++-- 22 per cent 


Because of the slow speéd of large band mills the motor is 
usually belted and a belt tightener used. See Fig. 18. Three- 
bearing motors are universal practise. 

The polar wound-rotor type for constant speed service is 
commonly used, to limit the current input at starting. Where 
ample station capacity is available a squirrel cage motor can 
be used with impunity, now that the electrically-welded rotor 
end-ring construction has so greatly increased its ability to 
withstand long-sustained starting periods without damage. 
The simplicity and strength of a squirrel cage type motor makes 
its use very desirable. 

With double-cutting mills the load factor and daily kilowatt- 
hour consumption are higher than the values given above. 
The power per thousand feet, however, is lower, due to the 
greater proportion of working to idle periods. 


*In this instance, as in the others cited, the load factor may not agree 
exactly with the performance figures given—all figures are averages of 
a large number of tests and are indicative of average performances only. 
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CrrRcULAR HEAD Saws 


Squirrel cage motors are universally used for circular head 
saws. The inertia of the circular saws is low and the load 
fluctuations during the cut must be taken care of entirely by 
the motor. Fig. 19 shows a motor driving a double circular 
66-in. (1.68-m.) saw. Where the saw speed permits, the best 
practise is to connect the motor directly to the lower saw arbor, 
driving the top saw with a belt. The following operating data 
are typical of a large double circular head saw: 


Running demand range............. 240 kw. to 560 kw. input 
Startinpad emanate eee ee ee 360 kw. input 

Duration of starting period. ........ 15 seconds 

Running lightec saws. soeeeeere sees 35 kw. 

Average kw-hr. per day of 10hr. ....1150 

Load factor, average. ...5 eee e. enon 20 per cent 


‘From the head saw, the boards or cants are conveyed by rolls 
and transfer chains which distribute the product to the other 
machines (Fig. 20). The rolls directly in front of the head saw 
run at speeds of about 350 ft. (106.7 m.) per minute, the 
speeds in later sections decreasing slightly. 

Present practise leans toward grouping two sections of roll 
with one or more sets of transfer chain, driving the group from 
a countershaft operating at 900 rev. per min.,.and driven by 
a direct-connected, constant-speed, squirrel cage motor. All 
rolls must be arranged for both forward and reverse operation, 
and the simplest scheme for accomplishing this and at the same 
time relieving the motor of all starting demands, requires the 
use of friction devices. 

With individual motor drive, a back-geared reversing motor 
with chain drive from the back-geared shaft provides the most 
compact arrangement. Such a motor should preferably be of 
the polar-wound rotor type. Fig. 21 shows a general scheme 
using group drives. 

Live rolls 12 in. (30.48 cm.) diameter by 30 in. (76.2 cm.) 
long require approximately 0.4 h.p. per roll when operating at 
200 rev. per min. When operating at 100 rev. per min. they 
require approximately } hip. per roll. As a typical group, a 
section containing eighteen 12-in. by 30-in. (30.48 by 76.2-cm.) 
rolls at 120 rev. per min. and thirteen 12-in. by 30-in. (30.48 by 
76.2-cm.) rolls at 80 rev. per min., three slab transfer chains, 
and three edger transfer chains, requires seven kw. input. 

As an example of individual motor drive, with back-geared 
motor and chain drive to one roll tase containing fifteen 12-in. 
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by 32-in. (30.48 by 76.2-cm.) rolls driven from a line shaft by 
bevel gearing, the maximum running load is 4.8 kw. and the 
average running load is 3.7 kw. This information applies to 
cases where rolls are well lubricated and gearing in first-class 
shape. No average conditions can apply generally, since by 
far the greater part of the load is due to friction. 


EDGER 


The function of this machine is to cut the stock to width 
after it has been cut to a predetermined thickness by the head 
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saw. It therefore consists of a number of circular rip saws, 
with the position of each adjustable on an arbor, the total 
width of stock determining the number of saws working at 
any one time and their position. See Fig. 22. Edgers adapt 
themselves admirably to direct connection; their speed is high 
and saw sizes can be so chosen as nicely to fita 1200- or 1800- 
rev. permin. motor, which speeds are suitable for direct connection. 
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The starting load is comparatively light; the running load 
fluctuates through wide ranges and the saw speed should be practi- 
cally constant, which conditions have caused the squirrel cage, 
constant-speed induction motor to be universally adopted. The 
feed rolls should be reversible, and capable of having their speed 
adjusted (see Fig. 23), the rate of feed depending upon the stock 
and varying from 325 ft. (99.1 m.) per minute to 120 ft. (36.6 m.) 
per min. For driving these rolls the latest practise has adopted 
a varying-speed, constant duty, reversing motor with polar- 
wound rotor. 

On the edger arbor are mounted from five to seven saws 
running at rim speeds of 9000 to 12,000 ft. per minute. The 
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following is typical of the demands of a Pacific Coast edger 12 in. 
by 72 in., eight saws direct-connected toa 200-h. p. 1200-rev. per 
min. squirrel cage type motor: 


Inpat—idle Wea one RA eee 35 kw 

—5 saws cutting 6 in. 

stock @ 220 ft. per min......... 350 * 
—5 saws cutting 6 in. 

stock @ 135 ft. per min......... 247 « 
—3 saws cutting 10 in. 

stock @ 135 ft. per min........, 290 “ 
—4 saws cutting 2 in. 

stock @ 230 ft. per min......... ioe 
—6 saws cutting 1} in. 

stock @ 240 ft. per min......... (eC 

Average per 1 Oshmeday. «enter e tne 405 kw-hr, 


« load factor ete se chee ee Ee 11.6 per cent. 
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TRIMMER 


This appliance cuts rough stock to length. It consists of a 
gang of circular saws arranged in a horizontal line and spaced 
two feet apart, the total length varying from 40 to 50 ft. (12.2 to 
15.25 m.). See Figs. 25 and. 26. There are rarely more than four 
or five saws working at any one time and the load demand lasts 
only for an instant, so that by far the greater part of the energy 
is consumed in running the saws idle. The speed of the saws is 
of course constant, and operating constantly the load factor is 
60 to 70 per cent. The saws are belted to a main drive shaft 
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Fic. 26—TRIMMER 


which in turn is driven by a direct-connected, constant-speed 
squirrel cage motor. For average conditions, 50 h.p. suffices. 
The following observations give the operating requirements 
including transfer mechanism: 


Running demand range when CUL UIT C rin weary nae 47 to 80 kw. 
Starcing demanding parva Geico eee eee ee 70 kw. input. 
Duratiomlonsparting ©. sarc nite ae nae 18 seconds 
MY shboM a Wate bo og oo mmadecuonsoume aed anne 29 kw 


SORTING TABLE 


From the trimmers, the stock passes over chain conveyers 
spaced 4 ft. (1.22 m.) apart, to the sorting table, where it is graded 
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and removed for placing in yard stock, treating in the dry kilns 
preparatory to further finishing, or to be returned to the mill for 
further reworking. 

The sorting table consists of several chains or cables running 
at about 15 to 30 ft. (4.58 to 9.15 m.) per minute. The starting 
requirements are heavy, since the mass to be accelerated is very 
large. A friction device is invariably placed in the speed-re- 
ducing transmission machinery, however, which relieves the 
motor from all starting strains and allows a squirrel cage type 
motor to be used for the drive. 

The motor is semi-exposed to the weather, and in its manu- 
facture, this fact should be considered. The running load is 
fairly light and practically constant. A motor with polar-wound 
rotor, back-geared shaft and chain drive from back-geared 
shaft direct to table driving sprocket, will eliminate all of the 
transmission machinery shown in Fig. 27. This scheme has 
not met with general success, however, due to the very severe 
starting strains as compared with the running load. The table 
itself should be of such length that sorting for both dimensions 
and lengths can be accomplished without too great congestion 
at its end. The power requirements for an average case are 


about as follows: 


Motor, 10 h. p. back-geared 850 to 128 rev. per min. 

Chain drive from back-geared shaft. 
Drives 1596 ft. No. 75 chain—Chain weight 3445 lb. 
Lumber per hour—12,000 ft. b. m. 
Speed of first section 35 ft. per min.—decreasing to 29 ft. on Jast section. 
Maximum noted load running.......eseee eee eeeseeee 7.5 kw. 
Average load running .....-. +e eeeere eee erete ttre rees Ef 


Re-SAws 


These machines re-work stock which has not been cut to its 
ultimate thickness at the first operation. Fig. 28 shows a Six- 
inch vertical re-saw which is direct-connected to a 75-h.p. 
motor. The starting duty is heavy, due to the weight of the 
lower wheel and the inertia to be overcome. It is therefore 
common practise to use a squirrel cage motor with substantial 
end-ring construction and resistance rotor. When running, 
the tension wheels serve as an equalizer, reducing the peak 
demands. The feed rolls are sometimes operated by an indivi- 
dual motor, and in a re-saw of this size, approximately 10 h.p. 
is required for them, the feed roll motor being a standard squirrel 


cage machine. 
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The following are typical service data of a heavy-duty band 
re-saw: 
Rate of feed iin. os sntes 2 tee 185 ft. (56.4 m.) per min. 
Splitting, 2 in. (5.08-cm.) by 12 in. (30.48 cm.)..80 kw. input 
4in. (10.16 cm) by 10 in. (25.4-cm)..60 “ 5 
Running light: iets eee one ec ae ee oe Lge * f 
Horizontal re-saws are becoming more popular because of the 
ease with which they may be instantly adjusted to care for stock 
of different dimensions. Such a machine can, for instance, 
handle on one side of its adjustable bed a 6 in. by 12 in: Cant, 
re-sawing to 4in. by 12 in. and 2 in. by 12 in., and on the other 
side at the same time re-work a 2 in. by 8 in., making two 1 in. 
by 8 in. boards. The starting duty is about the same as for the 
vertical type. The running load fluctuates no more widely. 


Fic. 31—SrEcTION oF RIPSAW 


Gane Saws 


Gang saws, as the name implies, consist of a number of straight 
crosscut saws which split a cant at one operation into a great 
number of boards of the proper thickness. The boards then 
proceed to the trimmer and are cut to length, as with the out- 
put of the edger. These saws have a vertical reciprocating and 
oscillating motion and the machine is equipped with a flywheel 
to equalize the load. The average size gang requires a 75-h.p. 
motor. 

A rip saw, Figs. 29 and 30, is required to reduce the width of a 
certain amount of the mill run, according to order demands. 
Fig. 31 shows a rip saw, rolls and transfer to rip saw from first 
section of sorter chains. A silent chain drive or a direct- 
connected motor may be used. Either method operates satis- 
factorily, the particular drive adopted depending on the mill 
layout and space available. 

Rough timbers often require no further sizing work than can 
be performed by the head saw, and never more than an additional 
passage through the edger. They are conveyed directly to the 
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tail end of the mill, where the ends are squared by a large cross- 
cut saw—and then proceed to the loading platform. Sometimes, 
however, for uniformity of alignment in building operations, one 
or more sides must be planed after the timbers have been squared 
at the end, and consequently they go to what is known as the 
‘‘ green’? mill. This consists of one or more planing machines, 
with an exhaust fan to dispose of the shavings. The planers 
ordinarily used for this work are known as “ready sizers,” a 
‘machine which is quickly adjustable for different size timbers 
and is arranged to surface only an edge and a side, and “ timber 
sizers,”’ which ordinarily have four cutting heads and can surface 
all four sides of the stock. The average power requirements 
of such a machine are as follows: 


TIMBER SIZER 


Size . Sides Input 
stock Feed sized Kw. 
5 in. by 5in.| 60 ft. per min. 4 sides Avg. 33.2 
Max. 41.1 
Min, 29.1 
2 by 12 in. Msiaeh. G * 4 sides Ave. 46.2 
IMiarasALs 
Min, 43. 


READY SIZER 


Size stock Feed Sides sized. Kw. Input 


2 in. by 12in. 96 ft. per min.| side and edge Avg. 38.2 
Max. 50.1 
Min. 31.9 
2by 4 in. OG ftza.* ¢ . s & Avg. 31.4 
Max. 35.6 
Min. 26.5 


For transferring cants from the main rolls past the head saw to 
the storage platform in front of the gang saw, an overhead 
crane transfer is provided (shown at top of Fig. 32). The 
hoisting and propelling motors are series-wound, direct-current 
machines, and are supplied from a motor-generator set. 


REFUSE 


The refuse from the various sawmill manufacturing processes 
consists of dust from the saws, edgings, trimmings, and shavings 
from the “green” planers. Figs. 33 and 34 show conveyer 
drives. V-shaped troughs in which chain and block conveyers 
run, serve to handle the sawdust from the main mill machines, 
but from the planing machines the shavings must be carried 
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away from the knives as fast as possible, so that some pneumatic 
suction system is necessary. 

The edgings are first run through a gang of crosscut saws, 
a ‘‘ slasher ’’? with saws spaced 4ft. (1.22 m.) apart. See Fig. 35. 
These slabs fall directly into the main mill wood conveyer, which 
has already received the stub ends from the trimmer which were 
less than 4 ft. (1.22m.)long. From this conveyer, Fig. 36, is 
taken the stock for the lath mill and wood saws. The waste 
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which is suitable for neither of these purposes, continues to the 
‘hog ” and the refuse burner, Fig. 37. The “ hog ”’ hashes the 
refuse into small pieces suitable for use under the boilers, after 
which it is conveyed to the fuel storage bins. These appliances 
run at constant speed, and have fluctuating demands. 

Dust from the machines is dumped into a main sawdust 
conveyer, which in turn delivers into the conveyer at the fuel 
bins. The shavings from the sizers are lifted by suction to a 
collector and from here blown directly to the fuel bin, Fig. 16. 
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Piping is usually large, because of the tendency of sawdust, if 
at all damp, to pack tightly at bends. Low pressures such as can 
“be delivered by centrifugal fans are the rule. The pressure 
seldom exceeds 5 oz., but the volume is constant and consequently 
the blowing system is quite extravagant of power. The sawdust 
and hog fuel from the saw mill, planing mill, etc., if used for genera- 
ting steam, is more than ample for the total power requirements 
of the mill. (See table of refuse fuel values at end of paper.) 


BURNERS 
Fig. 37 shows a typical burner in which the excess refuse and 
poor quality slabs are disposed of. These refuse consumers are 
a source of large expense to the mill operators. They must 
be substantially constructed; at the base, they are lined with fire 


oO 
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Motor- 10 Hp. 870 Rev. ; 
Pulleys - 83" Dia. to “0” Dia. 
Gears - 7x” Dia to 54” Dia. 
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Velocity of Chain 58.4 Fi Min. 


Fic. 36—REFUSE CONVEYER DRIVE 


brick, and sometimes they are water-jacketed to quite a height. 
The first cost of a burner such as shown in the illustration is 
approximately $10,000. For a mill with a capacity of 150,000 
ft. b. m. per day, the upkeep expense of such a burner would be 
approximately $1200 for interest and depreciation, and $1000 
formaintenance. The life of an average burner is about 10 years. 


HANDLING 


From the sorting table the lumber is placed in bundles ready 
for handling. The most efficient method where location permits, 
appears to be by the well-known overhead monorail (Figs. 38, 39 
and 40). The cost of handling by this method averages about 
$.10 to $.14 per M ft. b. m., which includes all expenses in con- 
nection with the system after the bundle is picked up until it is 
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placed in the storage yard or deposited at the dry kiln. This 
cost covers all charges against the system for labor and operating. 

The first cost, installed, of such a system is $4.00 to $5.00 per 
lineal foot of track, including the hoists, and it provides about 
2000 ft. b. m. storage space per foot of track. The monorail is 
usually operated by direct-current power at 250 volts, requiring 
a motor-generator set or small direct-current steam-operated set. 
The cost of handling with trucks and horses is approximately 
25 cents per M ft. The horses are giving way, however, to storage 
tractors (Fig. 41), with the result that the above cost is reduced to 
approximately 10 cents per M ft.for average distances of handling. 

For long hauls, storage battery or industrial type trolley loco- 
motives are used. Traveling cranes of the bridge or gantry 


DETAIL OF CURVE 


is 
: ~ 
canoe \ 
= . 
igetaeS 


|, 300 Radius 


BENTS BESIDE PLANING MILL 
Fic. 40—MoNORAIL STRUCTURE DETAIL 


type are used by some of the larger mills. Fig. 42 shows arep- 
resentative installation of this character. All of these instal- 
lations have shown a very satisfactory saving in the expense 
of handling lumber. 
Piraninc MILL 

As before mentioned, the material for this mill has usually 
been subjected to a drying process—either natural or artificial. 
All of the machines are designed for constant-speed drive, the 
variations in rate of speed being accomplished by changing the 
sizes of the feed roll driving pulleys. A general planing mill 
layout is shown in Fig. 43. 

Power demands of planing machines have increased somewhat 
in the last few years, due to the development of fast-feed planers. 
This increase, however, has not been accompanied by a corres- 
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ponding increase in motor sizes, as the present tendency is to 
utilize more fully the rated capacity under usual conditions, 
operating the motor at overloads when handling the heavier stock. 
It is universal practise to directly connect constant-speed, 
squirrel cage motors to the machine driving shaft, using a flexible 
coupling. Profile attachments are more conveniently operated 
by an individual motor driving the two profile cutting heads. 
The starting duty of planers is rather severe, due to the large 
-masses to be accelerated to high speeds. To this is traceable 
the common fault of ‘ over-motoring ’’ which was so much in 
evidence with the older, medium-feed machines. The advent 
of welded end-ring rotor construction has removed this obstacle. 
The running load is fluctuating according to the small irregu- 
larities in the dimensions of rough stock. Friction load is ap- 
proximately 55 to 60 per cent of the working load. The working 
factor of a planer seldom exceeds 60 per cent of its maximum 
capacity, since some time is lost in locating rough stock for the 
operator, and in changing from one size stock toa different size. 
Standard profile attachments run at constant speed and require 
15h. p. The starting duty is light and the running load fairly 
steady. Fig. 44 shows the main driving motor and profile at- 
tachment motor for a modern fast-feed matcher, and Fig. 45 a 
60-h.p. motor driving a timber sizer in a planing mill which is 
called upon to perform a variety of operations, depending 
upon stock demands. 


CoMBINATION MATCHER AND RE-SAW 


On orders which will permit one side rough, the re-saw simply 
splits the stock after it has been properly surfaced. The power 
requirements of the matcher end do not vary from standard 
machines. The re-saw (diameter of wheel 54 in. or 1.37 m.—saw 
blade 7 in. or 18 cm.) requires 35 h. p. to drive it. The motor 
is mounted on top of the re-saw frame and its weight is supported 
by a counterweight from a sheave attached to the ceiling. The 
best method of drive for a re-saw so mounted is by a silent chain. 
The matcher end requires a 50-h.p. motor. (Fig. 46). 

In isolated instances, fast-feed matchers have been fitted with 
individual motors for driving the various elements of the machine, 
j.e.—one motor driving the feed rolls and one for each cylinder 
or knife drum, etc. A modern fast-feed planer, size 6 in. by 
15 in., feeding 200 to 250 ft. per min., requires motors as follows: 
top cylinder geared with cloth pinions to a 35-h.p. motor, 
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bottom cylinder to a 20-h. p. motor, side heads to 15-h. p. motors, 
feed rolls to a 15-h.p. motor. 

' Such refinements have shown an actual saving in energy over 
the one-motor method, since all belt friction and slippage is elimin- 
ated. The high speeds required for the various parts of the 
machine, some of which do not fit standard speeds of a 60-cycle 
motor, made it necessary to resort to gearing with cloth pinions. 
Very satisfactory results have been obtained. 

After being finished, the product from the planers is trimmed 
to remove defective portions; it is then sorted and bundled. Old 
practise required a trimmer table with a swing cut-off saw (Fig. 47) 
foreach machine, the output being handled by hand after leaving 
the machine. Their work is very intermittent and the starting 
load is light. Squirrel cage, constant speed motors .are used, 
the usual size being three h. p. Tests of a 20-in. saw follow: 


Running LIGhb NSS. ci een avers te 1.2kw. input 
Cutting.ones 2.x 4103.03. osoe < 
RP WO 2, KA) ne ee one * 
StHthreeas 2A <4 Wits 52. rf « * 
Se ROG) 2.516) Sy ate oes Oy late - 
S. tone wax lo" oe. Peas G2? = 
Parone? Wax Gia She. en0 ear i il Ie: 
Aoprox. load €2etor a. ikqise OX de Seb tae 30 per cent 
Demand tractor to: sce eeee mace eons 300 per cent. 


The duration of a cut is very short, otherwise the size motor 
ordinarily employed would have to be materially increased. 

The advent of fast-feed planers and matchers necessitates a 
greater capacity method of handling the output without entailing 
a too great labor addition. The scheme adopted is to group all 
planers so that their output falls upon a transfer table. At the 
end of this table is installed an automatic trimmer similar to 
but smaller than the saw milltrimmer. In this way one man can 
trim the entire output. A squirrel cage constant-speed motor 
furnishes a satisfactory drive, 25 h. p. being the average size 
motor adopted for this service. 

The transfer tables and refuse conveyers in a planing mill 
are usually operated by back-geared wound-rotor motors with 
chain drive. The material to be handled is very light, requir- 
ing at maximum three- to five-h.p. motors for such service. 
(Fig. 48). 

Besides the trimmings, the other refuse from the planing 
mill consists of dust from the saws and shavings from the 
planers. The sawdust and shavings are cared for by air suction 
and blower systems (see Fig. 16 for typical layout). Usually 
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the trimmings are put through a small-capacity hog and then 
handled by the same blower system, or conveyed to a wood bin 
for the local wood market. 


REFUSE EXHAUST SYSTEM 


Ordinary centrifugal fans capable of giving 5 oz. pressure 
are commonly used. Motors are sometimes direct-connected 
to the fan impellers, but more often belted, since with the latter 
arrangement the speed of the fan can be changed from time to 
time to get the correct pressure required in the system. With 
direct-connected fans, the impellers are ordinarily pressed di- 
rectly on the motor shaft extensions, the motor bearings caring 
for the slight additional weight of the fan impeller. Fig. 49 
shows such an arrangement. Constant-speed motors are 
used for this service. The load is practically constant through- 
out the operation, and is slightly less when the planers are 
working than when idle, provided of course that the suction 
intakes are left open at all times. Double fans are ordinarily 
used, one side lifting the refuse and the other side blowing 
through the pipe line to the fuel bin. 

It is common practise to install a simple low-pressure gate 
in the suction to each machine, so that that particular intake 
may be isolated when the machine is shut down, thus reducing 
the energy required. 

The following is indicative of the average power requirements 
of fans under usual conditions, length of pipe line, intake open- 
ings, etc., being assumed normal: 


Single! 40-iny fanswe ns celss oc «ele ele so 20 h.p. 
OR eins ORICON OO pag te 
EP COMME OMe ieicctstats) sve ai's\ 9s 06) alee" 30 * 
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Another system which has proved economical in energy con- 
sumption makes use of a low-pressure centrifugal fan for suction 
only, and uses high pressure for blowing the dust through the pipe 
line to the fuel bin. With centrifugal fans used for both suction 
and blowing, all of the material handled is passed through the 
impeller itself, necessitating large clearances and a consequent 
loss in efficiency. With the high-pressure system, none ofthe 
dust or chips passes through the fan itself, but the discharge 
from the collector empties into a revolving drum with vertical 
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cylindrical compartments. The cylindrical cartridges thus formed 
are forced through the pipe line as each compartment revolves 
under the compressor discharge. Centrifugal compressors and 
positive pressure blowers find a wide field in the high-pressure 
system. 

SHINGLE MILLs 

Figs. 50 and 51 show the latest tendency in the layout of shingle 
mills. The logs are handled in the same way as in a saw mill, 
after which they are cut into bolts, which go to the shingle 
machines and are finally trimmed, sorted, bundled and dried. 
Fig. 51 gives the main floor plan of an electrically driven mill, 
while Fig. 50 shows the elevation of a later mill. The latter 
was originally planned for steam drive, but later changed to 
electric, so that the elevation shows a line shaft in error. In 
the final plans, this was eliminated and the driving motors 
connected to the shingle machines, as in Fig. 51. Fig. 52 
shows the shingle machine floor of this mill, which is the first, 
of which we have record, using individual motor drive through- 
out. Its operation has been very satisfactory. Of all the 
machines used in these operations, only the shingle machines, 
shown in Fig. 52, differ from those already described for other 
operations. 

The standard upright shingle machine requires two motors 
for its best operation—a 20-h.p. motor driving the main saw 
and mechanism and a 3-h.p. motor driving the trimmer saw— 
both constant-speed, squirrel cage motors direct-connected to 
the driving shafts. The power requirements of the complete 
machine—both the shingle saw and the trim saw—are about 
18 kw. input, no-load, and 20 to 21 kw. input when cutting. 


GENERAL 


In general it is estimated,in a mill using steam engines with 
line shaft drive, that 8 to 10 h.p. per M feet b.m. capacity per 
10-hour day, is required for the sawmill machinery only. This 
old rule-of-thumb method was close enough for practical pur- 
poses, since with maintained steam pressure the engines had 
large overload capacities, but with very poor speed regulation. 
This poor speed regulation is noticeable in almost all steam-driven 
mills. The friction load is enormous, requiring often 40 per 
cent of the rated engine power when running the mill idle. 

With the advent of electric drive, the motor horse power in- 
stalled will approximate 11 to 13 h.p. per M feet b.m. capacity 
per day, for both sawmill and planing mill. 
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_ The energy required for manufacturing 1000 ft. b. m., inclu- 
ding planing mill operation, has been found to vary from about 
29 kw-hr. in the white pine district to 46 kw-hr. in the fir dis- 


Fic. 51—SHINGLE MILL PLAN 


trict of the Pacific Coast, which would indicate an actual elec- 
trical horse power of from 3.8 to approximately 6 h.p. per M 
feet daily capacity of an electrically operated mill. 
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The cost of power to the average saw mill operator means 
very little, due to the large wastes which they must experience - 
in their manufacturing operations. Those mills located re- 
mote from any available market, must dispose of this waste 
either by generating power for their own use or consuming it 
in refuse burners. 


REFUSE—USES AND FUEL VALUE 


The question of refuse disposition is one of the large items 
of expense in connection with the average mill. A solid log 
scaling 1000 ft. b.m. will, when cut, give about 1150 ft. b.m. 
of lumber, and the refuse in the form of sawdust, trimmings 
and edgings will amount to a little more than a half cord, or the 
equivalent of 115 cu. ft. of cut fuel. Adding the refuse from 
the planing mill and other manufacturing departments, the 
total loss may easily reach 40 per cent of the original scale of 
the log. Of course the greater refinements in using the by- 
product will reduce the proportionate amount of refuse. 

Except for fuel, the uses for this have been very narrow. 
Attempts have been made to use sawdust from Pacific Coast 
mills, which cut mostly fir, spruce and hemlock, for manufactur- 
ing wood alcohol and ethyl alcohol. In practise, however, the 
manufacturing costs run so high that it has proved unprofit- 
able. The latest projected use is in making sawdust briquets 
to be used for paving purposes, and also for use as fuel. Such a 
plant has been completed, although its operations have not 
extended over a sufficient period to determine the ultimate 
SUCCESS. » 

As fuel, the refuse values, wherever there is an available 
market, are shown by the following data: 


WVEONE CU. Lie Web SAWGUSUss rile cisieiesete onc rie mie avs PAM ay 
Per cent MOishwre eee ce lei cars ois sre oe ne haves os 48 to 52 per cent. 
Heat value per lb. wet sawdust...........+-0+005 3500) 8. t. ts 


Wet sawdust means that in its natural state coming directly 
from the mill operations, and includes cut fuel from the hog. 
The dust from planing mill operation is relatively dry, and as 
fuel, has a value per pound of 8500 B.t.u. These values 
are averages of a number of analyses and apply to sawdust 
from mills cutting mostly fir and spruce. As ordinarily 
found in the fuel bin, the mixture has some intermediate heat- 
ing value. Sawdust is usually sold in units of 200 cu. ft., the 
equivalent of about 0.88 cord of slabwood 
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Slabwood is cut to 4-ft. lengths and sold by the cord. It 
also has a wide use as fuel, though as such it is more expensive 
than sawdust. ; 

The following table gives the average values of wood fuel as 
compared with oil and coal, the costs of the various fuels per 
unit being assumed as in column five. Column two gives evap- 
oration values taken from tests at the same plants, using the 
fuels named. 


B. t. u. per| Lb. water evaporated|Cost per 1000} Cost per unit of 
lb. dry fuel|from and at 212 deg. lb. water from fuel 
per unit. jandat212deg, 
eS ae ee | es ee ee ee re a ie Te 
Sawidtst veers aia: 8,500 (200 cu. ft.) 10,500 9.5 cents $1.00, 200 cu. ft. 
Slabwood........ (1 cord) 12,500 | 24 cents 3.00, 1 cord 
Split cord wood... (1 cord) 13,500 | 37 cents 5.00, 1 cord 
CORE noocacane a 18,500 (1 lb.) 15 | 21.9 cents 1.10 
per bbl. 
Coal Gieatemn nar 11,000 (1 1b.) 7.2) 41.6 cents 6.00 
per ton 


—_— 
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Discussion ON ‘“ ELECTRICITY IN THE LUMBER INDUSTRY ”’ 
(WHITNEY), SPOKANE, WASH., SEPTEMBER 10, 1914. 


Mr. Scott: Mr. Whitney’s paper is of particular importance 
to central station men because it shows that there is a field for 
prospective business open that is usually placed in the same 
class with steam laundries, that is to say, absolutely unapproach- 
able. I have never dealt directly with any logging men, but 
have had occasion to attempt to sell power to a few sawmill men, 
particularly for small plants, none of very large capacity, and 
their main objection to motor drive is, first, they claim the first 
cost of the motor installation is excessive as compared with a 
steam engine; and, second, they say that the motors will not 
stand up to the work. Now, never having actually seen a drive 
of that kind I was not in a particularly advantageous position 
to refute their statements. Third, they say they must have 
steam anyway for their dry kilns and for their log-carriers, and 
therefore there is no particular advantage in putting in electric 
drive. And lastly, they say that they are forced by law to get 
rid of their waste; in most instances they are too far removed 
from a point where the waste can be sold as fuel, so they have to 
install a burner especially to get rid of it, if electric drive is used. 

Now, I would like, if possible, to hear some arguments that 
could be put forth to refute those points of view. So far as 
central station service is concerned, compared with isolated 
plant service in sawmills, I should unhesitatingly say that, for 
an installation having over, say, 1000 e.h.p., central station 
service could complete with an isolated plant very favorably, 
provided the sawmill was within a reasonable distance of a trans- 
mission line. For mills smaller than that I have not seen enough 
data to be able to tell. 

On page 1323, where a comparison is made between operation 
of logging railways by electricity and by steam, a saving of about 
$20,000 a year in favor of electricity is shown. I should think 
that any logging man, no matter how skeptical, would “ sit up 
and take notice,” and at least inquire how that could be done. 

There is another question in regard to a sawmill: whether 
steam operation is less efficient from a time standpoint than a 
motor drive; in other words, whether more time is saved by motor 
drive than by steam. When a man drives a headsaw with a 
steam engine and runs into a stiff cut, the steam engine begins 
to show signs of distress and slows down, and he eases up on his 
speed; but with a motor the log goes right straight through. A 
have had that point put up to me two or three times by sawmill 
men and they claim it is a fact that there is only one thing for 
the motor to do under such conditions, and that is to blow the 
fuses. If I understand Mr. Whitney’s paper correctly, the 
development of the electric motor in the last few years has 
reached such a point that these difficulties are overcome. 


1356 DISCUSSION AT SPOKANE [Sept. 10 


A. A. Miller: Last year at the Vancouver convention Mr. E. 
J. Barry presented a paper on Logging by Electricity, and Mr. 
Whitney contributed very largely to the discussion. It is 
apparent that Mr. Whitney has been busy during the past year 
in collecting further data, which have been very systematically 
assembled in this paper. 

I can remember distinctly that only a few years ago loggers 
and lumbermen in general. would not pay any attention to the 
proposal to use electricity in their operations. The progress 
made has been very marked, and no up-to-date designer of saw- 
mills would now entirely pass up consideration of electric drive, 
but would give it very thorough consideration, and in a fair 
percentage of cases would determine upon electric drive in 
preference to the old type. ; 

With respect to the question which Mr. Scott asked as to the 
difficulty encountered in steam drive where the speed of the 
carriage is diminished in order to allow the saw to speed up again, 
and where in case of electric drive it is not so regulated but is 
allowed to go forward at practically constant speed regardless 
of the load on the motor—this is due to the inherent ability of 
the motor to carry, temporarily, heavy overloads, and to give such 
power as is required to take care of the load that may be imposed 
upon it. That is somewhat allied to the advantage of electric 
locomotives, in heavy freight work, over steam locomotives, in 
that for short intervals the capacity of the electric machine is 
only limited by the amount of power which you can deliver to 
it. Induction motors, both of the squirrel cage and wound 
secondary type, for a number of years past have been designed 
on sufficiently liberal margin to stand tremendous overloads for 
a period of a minute or so. 

F. D. Weber: About seven or eight years ago, I think, the 
first electrically driven sawmill in Oregon was installed at Dee. 
Prior to that time there were absolutely no data on this subject. 
The mill was fitted with all standard squirrel cage motors, with 
a 150-h. p. squirrel cage motor placed on a double-cut 8-ft. band 
mill, and after it was installed it was impossible to start the band 
mill. The only way which they had to start it, and this method 
was used for years, was by putting a 4 by 4-in. timber in the upper 
flywheel and having six or eight men throw their weight on it. 

A little river runs within about a thousand feet of this mill, and 
upon this was installed a hydroelectric generating plant to fur- 
nish power’for the mill. 

When this mill was installed they had no consideration at all 
for sizes of copper, the mill men installing all the wiring. The 
writer ran tests under operating conditions and found that the 
copper was about one-half the proper size for satisfactory opera- 
tion. There was also trouble with the motor connected to the 
trimmer. This motor was not of sufficient size and necessitated 
the shutting down of the trimmer occasionally to allow the motor 
to cool off. 
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This lumber mill is owned by the Eccles interests, and they 
were so impressed with the operation of the first mill that when 
it burned down about two years ago, they replaced it with another 
electrically operated mill, although it was impossible with their 
first equipment to operate the band mill double-cut, because when 
thus operated the motor was unable to carry the load. 

There are some questions which I would like to ask Mr. Whit- 
ney: 

First, have manufacturing companies ever considered furnish- 
ing an enclosed type of motor in certain locations in sawmills? 
After a sawmill has been operated electrically, this blower 
system that Mr. Whitney spoke about generally fails to keep the 
mill clean and a great deal of refuse collects, such as sawdust 
and chips, to which the motors are exposed, consequently a 
question of fire hazard arises. I have seen motors completely 
covered with chips and sawdust. 

Second, in regard to the motor of the main carriage, I would 
like to know whether they have had any trouble keeping oil in 
the bearings of this motor. I should imagine that it would splash 
out. 

Third, I desire to know whether there have ever been any 
tests made on the load factor of this mill or any other mill. 

Fourth, have there been any figures presented concerning the 
relative cost of installation of electrically driven mills as com- 
pared with the first cost of motors? I have heard the argument 
advanced that the cost of wiring a modern mill is excessive. 

Fifth, are there any data concerning the life hazard in logging 
woods in connection with electrically operated logging engines? 
It has been said that this hazard was considerable in dense tim- 
ber where cutting was taking place continually, which might 
interfere with the transmission lines. Also, the connection 
between the portable transformer stations and the logging 
engines, being subjected to the various accidents of the logging 
woods, might expose the men to live circuits, and produce a 
serious life hazard. 

J. B. Fisken: I want first of all to note that, if I mistake not, 
the first article in any of the Institute PRocEEDINGS on the sub- 
ject of the application of electricity to the lumbering industry 
was a paper by Mr. E. J. Barry, Electricity in the Lumber In- 
dustry, presented at Los Angeles in April, 1911. Three years 
later we get a paper from Mr, Whitney, which seems to me as if 
it might almost be the last; there may be some small improve- 
ments, but from what Mr. Whitney tells us the subject has been 
pretty nearly covered. 

There stili remain a few things to be done. The question of 
drying the lumber will involve the generation of steam unless 
there isa hydraulic plant available; if there is, the drying of the 
lumber might be done by electricity. The log carriage is not 
electrically driven in the case we are considering; the operating 
man might have difficulty in taking care of that. I think it is 
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a question for the manufacturers to solve. The problem of 
disposition of refuse is a hard one, but in these days of conserva- 
tion it would seem that some means might be found to take care 
of this refuse; it must have some commercial value, and unless 
the cost of saving it is more than the market value, it should be 
taken care of. 

From the standpoint of the operating man, I think the load 
would be an objectionable one for the reason that it would be 
very intermittent and severe. Mr. Weber has asked a question 
regarding the load factor. In the item of costs on page 1320 
Mr. Whitney puts in coal at $4.25 a ton. From conditions as I 
know them I doubt very much if coal could be laid down at the 
donkey engine for anything like $4.25 a ton. It costs us more 
than that to lay it down here in Spokane, and to haul it up to 
any of the logging plants must add very materially to the cost. 

Mr. Whitney discusses methods of handling and conserving 
the refuse. That is a matter, of course, more for the commercial 
man than for the engineer; at the same time the engineer should 
work with those who can settle it, and I hope before long to see 
the sawmills and wood-working factories entirely operated by 
electricity. I think it is almost invariably the custom now in 
putting in a large mill to put in electric drive. We have service 
in this neighborhood that is typical, and from what I have been 
able to learn the owners would never think of changing back to 
steam drive. 

L.T. Merwin: There is no question in my mind but that the 

difficulties due to peak loads in sawmill operation can be success- 
fully worked out. Following actual experience of a number of 
years in electric hoisting under rather severe conditions, I do not 
think that the question of extreme momentary demand will 
remain a Serious one, even though at the present time it may seem 
SO. 
I want to ask a question of Mr. Whitney bearing on the point 
that Mr. Weber and Mr, Fisken have already brought out, the 
poor load factor, the highly fluctuating load and the extreme 
_ peaks. Has any consideration been given to the handling of 
these extreme peaks in a manner similar to that in which ex- 
treme peaks of mining loads are handled, as, for instance, by 
some sort of modification of the Illgner system or by a heavy 
flywheel set operated by an induction motor? Mr. Whitney 
mentioned in his paper that of necessity the old manner of run- 
ning steam-driven mills was from one central drive; I gather that 
from that they went to the other extreme when first installing elec- 
trical drive, and finally have come back to a compromise, with 
partly group drive. If the flywheel system as applied now to 
extreme peaks of mining loads can be applied to the sawmill, 
would that not break down the objections of the central station 
operating engineer? 

Mr. Cheek: As the variable loads that necessarily come upon 
a motor, it seems to me, would make its protection a very diffi- 
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cult matter, Task Mr. Whitney what he recommends for the pro- 
tection of such a motor, whether fuses or other automatic de- 
vices. I also ask how the size of the copper is calculated, and 
whether he has any further information with regard to tests. 

I was up in Victoria not long ago and there is a new plant up 
there that had recently been equipped for making briquets, and 
they used the refuse, they used the sawdust and also the slabs 
after going through the hopper; and they claimed that these 
briquets burn slowly and with much the same characteristics 
as coal and compared quite favorably with coal. 

The matter of the decrease of the fire hazard in logging is a 
point which I think will act very much in favor of electrical 
donkeys. This last season was a very dry one and some com- 
panies suspended operations during the dry season because of 
the severe fire hazard of the steam donkey. 

A. Norman: The company with which I am connected re- 
cently began to supply power to a large sawmill. This mill 
started in actual operation about three weeks ago, and the mill 
being entirely new and all of the machinery new, they have not 
as yet had a full day’s operation, and I would not attempt to say 
just what the load factor will finally be when the mill is in con- 
stant operation. However, I could say in a general way that 
we believe it is going to be about 50 per cent. We feel very much 
encouraged as to this particular installation, the mill people feel 
very much encouraged, and I think it offers a fertile field for 
cooperation between the milling industry and the central station. 

In our case, we were so situated that we could furnish this 
mill not only current for the operation of its motors, but also 
the steam needed for the dry kiln and for such other purposes as 
they found it advisable to use steam for. In an installation of 
some 2100 h. p. in motors I believe we are furnishing them some 
225 h.p. for their steam needs. As] say, this installation is so new 
that we cannot give very full information, but we would be glad 
to have anyone who is interested in this subject either come to 
Eugene or Springfield and look into it, or write to us after a 
brief period, when we expect to get some very definite data, and 
our company will be very glad to give you any information 
we have or can get. 

W. H.R. Fraser: The largest mill we have connected with 
our system is probably a good deal smaller than that which Mr. 
Norman spoke of. The largest mill, I think, has something like 
750 to 1000 h. p.; the mill is about nine miles from the nearest 
substation and is also fed in connection with the same line 
feeding a town. So this is not a mill line alone, but also a light- 
ing line. We have had no complaint regarding the fluctuation 
of voltage, so that it cannot have been very bad. 

In regard to the utilization of refuse: one mill that I know of 
has been experimenting with briquets, but whether successfully 
or not I cannot say. Another mill until recently was trying to 
produce turpentine from sawdust of certain woods, but that has 


been a failure. 
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The question of supplying power to very large mills could 
scarcely be considered, unless very favorably located. One of 
the largest mills in the world, for instance, has a total capacity 
of one and three-quarter million a day; driven by individual units; 
we could never offer them power at a rate that they could consi- 
der in preference to installing their own plant; if we delivered 
power to them we would have to have a 30,000- or 40,000-volt 
line installed and substations, and by the time we did that the 
cost of the power to them would be so great that it would be 
prohibitive. 

Another point: I believe that Mr. Whitney mentioned some- 
thing about coke. I do not think there is a single sawmill in 
British Columbia using coke today. 

F.D. Weber: I remember seeing a note in some trade journal 
in which it mentioned that there has been a process devised of 
drying lumber in the open air by the use of quite an appreciable 
amount of current at low voltage, by simply stacking and sepa- 
rating the layers of lumber by wet carpets. I would like to 
know if anyone knows anything further on this subject. I under- 
stand that is done in Australia and some places in England. 
If that is the case it seems to me that would solve the question 
of the dry kiln. 

John Harisberger: I may be a little optimistic in regard to 
companies operating hydroelectric plants selling power to saw- 
mills to their mutual benefit. On our system in the Puget 
Sound district, we have several mills which have proved quite 
satisfactory, from both a commercial and an operating stand- 
point. We also furnish all the power for two coal mines, 
amounting to 1100 h. p., and several other mines are considering 
taking our power. I have had some experience in the early 
days when attempts were first made to operate sawmill machinery 
by electric motors. The main difficulty was to get sufficient 
information so as to determine the proper size motors to install. 
This is entirely different now, as manufacturers of electric appara- 
tus and central station people have accumulated a great many 
data on such applications, so that it is no longer a question of 
experiment. 

E. F. Whitney: I am rather disappointed at the lack of op- 
timism; at the same time I am pleased at Mr. Harisberger’s 
expression that he does look forward favorably to the use of 
central station power in the sawmills. It can be used, and under 
certain conditions it can be put in and can operate as cheaply 
as one can generate and supply his own power, but you must 
first convince yourselves that it can be done and afterwards 
convince the mill men. There is always the question of cost of 
installation and cost of operation. 

To begin with the cost of the motors: I have recently com- 
pleted, in connection with a mill architect, two estimates for 
entirely different types of mills, one a single-band mill and an- 
other a double-band mill, together with the planing mill. Com- 
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plete estimates were made, first, using steam drive, and second, 
using electric drive, for each type of mill. The electric mill 
included the necessary generating station, on the assumption 
that power would be derived locally from mill refuse. We were 
surprised to find that for the sawmill alone, electric drive proved 
lower in first cost—installation cost—than steam, and this 
without including the planing mill. This latter would have 
made the balance even greater in favor of electric drive. There 
is no difference of opinion as regards the very much lower opera- 
ting and maintenance cost of an electrically driven sawmill. 

This of course was an individual case and was figured on its 
own merits. You will havetolet by-gones be by-gones and not 
consider those mills designed and built along the old lines of 
steam drive with line shafting and belting and motors placed 
here and there wherever a drive was needed. The mill must, 
to get best results, be laid out with electric drive in view, and 
full advantage taken of its flexibility. We now know what can 
be accomplished, but the results come only after careful and 
correct installation and not by chance. 

A mill requiring approximately 2300 or 2400 h.p. usually 
has over 20 separate and distinct engines scattered around its 
plant; it must have high-pressure steam lines to each one of these 
engines; the largest would be about 800 h. p. and the smallest 
about 25 h.p. There need be no further comment than that 
engines used under such conditions are very uneconomical steam 
users. An item which is lost track of is the boiler capacity that 
is required to supply such an installation, and the large initial 
cost and high upkeep cost of the steam-generating equipment. 
Electric drive would reduce it at least one-half. 

Regarding the ability of the motors to stand up to the work: 
I recall an instance of a blower, with impellers 80 in. on one side 
and 70 in. on the other, pressed upon the motor shaft extensions. 
The motor was rated 100 h. p., 720 rev. per min. The motor did 
the work satisfactorily, but in the course of an investigation just 
to see how much power the blowers were taking we found that 
while the blower specifications called for 963 h.p., 147 h.p. was 
the output of that motor, day in and day out, ten hours a day, 
five hours in the morning and then shut down one hour at noon 
and then five hours in the afternoon. In this case the motor 
was in at the top in the planing mill, which is always a well- 
ventilated structure, it had good cooling air, and the working 
capability of the motor was increased considerably above what 
might have been found in a more unfavorable location. 

With the present successful mills operating with electric drive, 
with the proposed largest mill on the coast preparing to use 
electricity throughout, there can be no question as to the economy 
of this method or the capability of the electric motor to do the 
work efficiently and successfully. 

The point has been brought up that they must always have 
steam in the mill. Granting that they must have steam for 
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some uses, there is no necessity for them to have the quantity 
of steam equipment that will be necessary in all cases except 
with electric drive. 

Upon the question of production: This is the one subject 
which sawmill men are glad to discuss and consider at any length. 
They appreciate that their only hope of salvation is to cut down 
their costs of production. I have known many instances of 
steam-driven mills where the lag in the steam engine during the 
cut in the main headsaw is as great as 30 per cent. I have seen 
the edger lag fully as much. That simply means that they are 
losing so much productive time. This is unknown with motor 
drive. Practically all of the motors are squirrel cage type— 
with a few exceptions, such as the one driving the headsaw; the 
only reason we use a wound-rotor motor there is because of the 
limited generating capacity in the average sawmill and to limit 
the current input at starting. Its characteristics are of course 
practically the same as the squirrel cage motor after it is up to 
speed, and any squirrel cage motor would absolutely reach its 
breakdown point before it had any such regulation as that, 
unless of a special design. The automatic overload protection 
and ability to stand up under varying load conditions has already 
been spoken of. This is an important item when we are driving, 
for instance, a refuse conveyer. That is probably as severe a 
drive as any in the mill. With steam drive from the main shaft, 
if the conveyer should stick, as with a slab jammed under the 
chain, something must break to clear the trouble. This means 
lost time, and repairs. With electric drive, we might have the 
conveyer pretty heavily loaded at times, but of course the relay 
would be set to care for a predetermined overload with a 
reasonable time limit, and any more severe condition than that 
for which it is set should trip the motor out of circuit, and relieve 
the transmission machinery of the severe strain, saving the break- 
age that would otherwise occur. 

The question of maintenance of voltage was touched upon 
by Mr. Weber; it is one of the most important points in con- 
nection with the operation of electric logging engines. The 
substation must be 200 to 1000 ft. from the location of the engine 
itself; in the beginning of the operation it may only be 200 ft., 
but as the work is extended and the donkey gathers the close 
timber it will probably be, at the next step, 1000 ft. away. 
The duty is heavy, often requiring the motor to exert very close 
to its maximum torque, so we must take the precaution to see 
that good voltage is the rule at the terminals of the motor. 
This of course applies to sawmill machinery as well, because we 
cannot get the maximum productivity unless we maintain our 
speed and capability to care for heavy loads suddenly applied. 

In regard to the question of fire hazard and enclosed motors: 
This is really the reason that squirrel cage motors are so uni- 
versally used. In such motors the bearings of course are prac- 
tically the only source of fire risks. The motor bearings should 
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give very little trouble, and after once being in good condition 
should require very little attention. 

Enclosed motors were never seriously thought of. As to 
the possibility of dust and chips getting in the windings, the 
ventilating scheme which has generally been adopted in the 
manufacture of motors is such that the air comes out through 
the laminations of the machine and will tend to remove any 
dust that would clog up the ducts or get into the windings 
through them. Of course, it would be possible to cover the 
motor with chips and dust and it would still be operative. The 
air lines are distributed pretty well around any sawmill at the 
present time, so that if for the moment any machine shuts 
down the operator takes his air hose and blows all the dust 
and chips away. Where it is necessary to use the slip ring type 
of motor, of course the slip rings should be enclosed. There 
is a possibility of sparking at starting, and until the motor is 
up to speed, and it is common practise to enclose them. 

On the log carriage some slight trouble has been experienced 
with oil spashing out of the set-works motor bearings. The 
rate of acceleration of the log carriage at each end of its travel, 
particularly at the beginning of its return, is very high, but 
with reasonable precaution, oil-throwing trouble can be remedied. 
In fact, the first set-works motor used was strictly a standard 
motor, and no trouble was ever experienced with oil splashing 
Ou 

In regard to the load factor of a complete mill, we usually 
assume the demand factor of an electrically driven mill as 70 
per cent, in kilowatts, of the connected load in horse power, 
and the load factor as about 70 per cent. In other words, if 
you have 1500 h.p. installed, about 750 kw. would be the aver- 
age load on the mill. I have detailed records of two complete 
sawmills in the Northwest. One of them has a load factor of 
57 per cent. The demand factor is 83 per cent. The average 
cut per day is 115,000 ft. bm. The highest peak recorded in 
any ten minutes was 1150 kw., and the maximum demand for 
any ten-minute period was 940 kw. The other is a group- 
drive mill, with 1300 h.p. connected; the load factor is 65 per 
cent, and the demand factor 88 per cent. The daily cut 1s 
121,000 ft. b.m. (as we would expect with the group drive, a 
smaller connected load has a larger cutting capacity) ; the highest 
peak for any ten-minute period was 1000 kw., the maximum 
demand for any ten-minute period 850 kw. 

The prevailing power factor, I suppose, if we take all of our 
mills, is roughly 70 per cent; some mills run as low as 50 per 
cent, some mills run as high as 85 per cent. I have records of 
a mill which has been in operation for some two years, whose 
power factor throughout the day’s operation never gets below 
74 per cent, and there are times when it goes up as high as 85 
per cent. That is an extremely high point for a typical induc- 
tion motor load. 
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The greatest drawback to the maintenance of a high power 
factor in sawmills is the small number of large motors that 
must necessarily be used, which, during a great portion of the 
time, must certainly run at very light load. Though not less 
than 200 h.p. is required on the average edger, and a motor 
somewhere in the neighborhood of 250 or 300 h.p. on the head- 
saw, the loads averaged per day for these machines will be about 
50 and 100 h.p., respectively. The great majority of group 
drive installations are, as a rule, well loaded and run at good 
power factors and at good efficiencies. The planing mill equip- 
ment has a very fluctuating load; during a portion of its load 
it runs at a relatively low power factor and low load factor. 
On the average, a mill of about 2100 h.p., such as Mr. Norman 
‘ spoke of, under general operating conditions will have a load 
factor varying from 65 up to 80 per cent. The particular mill 
of which he spoke has 74 motors with a total of 2053 h.p. con- 
nected: the sawmill has 52 motors with 1645 h.p.; the planing 
mill 18 motors, with 340 h.p. The daily kilowatt-hour consump- 
tion had been estimated at from 7500 to 8000 kw-hr. With 
operations well under way, these figures were confirmed. 

As regards the cost of wiring a sawmill installation, that 
depends largely on the individual. A mill man can put in a 
wiring job that will equal or excel that in any high-class city 
office building, or he can put in simply a substantial wiring 
job that will be satisfactory. for his service. There is a differ- 
ence in cost of, I suppose, 250 per cent. In making up the 
comparative estimates that I have already spoken of, for steam 
drive and electric drive, these estimates were based on giving 
the electrical installation the worst of it in every case that we 
possibly could, and so we figured on conduit wiring through- 
out. Even then the wiring cost amounted to about $5500, I 
think. We had about $9000 which we could have used for this 
and still come out equal to steam drive. 

The fire hazard in the logging industry is something that 
would have to be given consideration. That, of course, is al- 
ways brought up whenever the subject is broached to loggers. 
There is no reason why electrical equipment that is operating 
a logging camp cannot be as cheaply and as safely handled as 
it can be in any of our generating stations. The transmission 
line usually runs along a railroad right-of-way and is just as 
well protected as any other power company’s transmission lines. 
From it branches are run, depending upon the size of the com- 
pany’s operations; from the substation an armored cable leads 
out along the ground to the logging engine itself; the cable used 
is typical submarine cable, which is perfectly safe. 

In regard to the question of electric drive for the log carriage: 
Suppose, for instance, we look at the typical operating cycle 
of a log carriage given on page 1331. Even with a log of only 
1500 ft. bm. you have a total weight of 38,000 lb., about 19 
tons; the requirements of mill operation do not allow the carriage 
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to lag any more than is necessary, and the average speed is about 
250 ft. per min. in the cut. That is based, of course, on a 
single-cutting band mill. The average speed of return is about 
650 ft. per min., and we must accelerate that outfit to that 
speed and maintain it at least for a portion of the travel of the 
total distance, varying, say, from 40 to 50 ft. as an average. 
There is not much travel but it is high-speed work, the accel- 
eration is fast—in fact it is all that a person can do to stand on 
the log carriage-and maintain his balance. A log of 1500 ft. 
b.m. is by no means the heaviest load, it is about an average. 
If we should get a log of about 5000 ft., or about 40,000 lb., on, 
it would run the total weight up to something over 35 tons that 
must be handled at this speed. The common method is by a 
twin-cylinder, simple steam engine, which operates a drum. 
‘The engine, complete with its equipment installed, costs about 
$3000 to $3500. Any electrical scheme that can compare 
favorably with it in first cost and in ultimate cost, including 
operation, will undoubtedly meet with favor from the saw- 
mill people. They would like to do away with the engine, but 
nothing to compete with it has been shown up to the present 
time. ; 

The coal and other fuel costs as given on page 1320 applied 
to logging, not to sawmill operation. In the logging industry 
they have realized they were burning good merchantable timber 
as fuel, as the logs cut up and burned under the donkeys must 
be the very best or they will not split, and on account of the 
grade of timber they have to use, they have attempted to use 
oil and coal. Some camps have run comparative outfits to get” 
data on the results accomplished by the use of the various fuels. 

In regard to Mr. Fisken’s suggestion that additional uses for 
the refuse be given, and that nothing be said about burners: 
I attempted to take the point of view of the man who was fully 
informed about the electrical side of the question but knew very 
little of a sawmill or its workings. Of course it is necessary 
for the sawmill operators to dispose of the refuse, because 
there is too much of it for their own power demands, and this 
must be got rid of in some way. Usually it is burned in the 
burners, and they are a source of expense. 

I have touched upon the load of the whole mill. I might 
say that the two cases cited applied to fir districts. In pine 
districts the load is very much lighter, the connected horse 
power, we will say, in one case, being 1900 h.p., the load factor 
only 46 per cent and the demand factor 67 per cent, an average 
daily cut of 350,000 ft., with a maximum demand for ten minutes 
of 800 kw. and the highest peak in any ten minutes 950 kw. 
That is in marked contrast to the greatly increased power de- 
mand with smaller cut of the larger fir mill. 

Attempts have been made to produce some sort of load equal- 
izer, but only for some individual machines. The fluctuations 
are not at all regular; they might last for prolonged periods, 
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or might come in quick succession during one or two hours of 
operation, and might be very infrequent at other times. The 
demand question must be solved by those desiring to obtain 
the sawmill load, for its character is to a certain extent fixed. 

In the case of the edger there is a machine with no flywheel 
effect whatever, a simple arbor with five to seven or eight saws, 
and it is operated by a motor of large capacity. Its highest 
load comes on instantaneously just as soon as the cant is started 
through the edger and it lasts until the cant. has finished its 
travel and the cut has been made, seven to ten seconds. Those 
Saws operate at a rim speed of 9000 to 12,000 ft. per min. and 
at speeds of 1200 to 1800 rev. per min. Any weight that could 
be added on the shaft of the edger would have to be of such small 
diameter and great length, to be within the safe limits of even 
the strongest materials, that it would run the cost up to too large, 
an amount and take up too much space. 

These loads are and have been well appreciated by sawmill 
operators. The operator lays out his plant to care for them. 
He knows the capacity plant required to care for the load, and 
in reality the effect of these fluctuations is not to increase the 
capacity of the equipment which it is necessary for him to have 
if he is going to generate his own power, and if they do not in- 
crease his own capacity why should he spend money to make it a 
more favorable market for the central station man? That is 
also the reason why efforts have not been made to obtain a better 
power factor. Of course it could be obtained, could be done by 
installing synchronous machinery. 

The generating station—isolated or not—must for such a load 
have an automatic voltage regulator system, or they cannot 
expect to accomplish the results which they had anticipated 
with the electric drive. In operating at say 480 volts at the 
generator, which is a common voltage, it is exceptional to see 
the voltage drop below 460. Even with the severest load, 
such as the starting of the band headsaw, or the edger motor, 
there is a voltage drop, but it is instantaneous, the voltage going 
right back to normal again, and under running conditions you 
very seldom see a fluctuation of the voltage greater than one 
or two per cent at the outside. 

In regard to the use of the refuse for briquets and turpentine, 
I referred on page 1353 to the experimental use of briquets for 
paving purposes: ‘Attempts have been made to use sawdust 
from Pacific coast mills, which cut mostly fir, spruce,and hemlock, 
for manufacturing wood alcohol and ethyl alcohol. In prac- 
tise, however, the manufacturing costs run so high that it has 
proved unprofitable. The latest projected use is in making 
sawdust briquets to be used for paving purposes. Sucha plant 
has been completed, although’ its operations have not extended 
over a sufficient period to determine the ultimate success,”’ 
There have been several such attempts made, none of which 
has proved successful up to the present time, so far as I know. 
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It would be well to compare the use of the refuse for fuel fora 
steam generating station, in connection with a large power system, 
with the development of remotely located water powers. T hat 
would open up a field for power installations for the power com- 
pany which in some cases they could not expect to get otherwise, 
because of the equipment already installed by the milling com- 
pany. 

I have heard some mention of the electrical drying scheme 
spoken of by Mr. Weber. I believe that was touched on briefly in 
The Timberman about two months ago. I have heard no com- 
ments on its real success. 

An interesting feature of the mill spoken of by Mr. Haris- 
berger is that it was the first case of which we have record where 
the headsaw was direct-connected to a driving motor. They had 
a double circular headsaw in this particular mill, the lower saw 
connected directly to the motor and the top saw belted from the 
lower one; the operation was entirely satisfactory—in fact, it 
is to be recommended, with proper precautions taken. The 
log carriage also was driven by a motor. I donot know the par- 
ticular scheme that was used, but it was not entirely successful 
from the point of view of sawmill operation, because it did hold 
back production. Mr. Harisberger said that none of the Everett 
sawmills is completely operated from central station power. 
There are two completely electrically operated mills in Everett, 
however, with a third, the largest on the coast, under construc- 
tion. 
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THE ELECTRICAL OPERATION OF THE BUTTE, 
ANACONDA & PACIFIC RAILWAY 


BY J. B. COX 


ABSTRACT OF PAPER 


Of a total of ten notable instances of steam railway electrifica- 
tion in this country, the Butte, Anaconda & Pacific was the first 
if not the only one in which the prime cause for the change in mo- 
tive power was an expected decrease in operating expenses suffi- 
cient to give immediately a satisfactory earning on the new 
investment of capital required for the improvement. 

The preliminary investigations and estimates had indicated 
a probable annual saving amounting to about 17.5 per cent on the 
total investment, of which 11 per cent was expected to result 
from the partial substitution of electrical energy, costing about 
0.552 cent per kw-hr. at the secondaries of the substation trans- 
formers, for coal of 12,250 B.t.u. calorific value and costing $4.25 
per ton delivered. The remaining 6.5 per cent was expected from 
reduced cost of locomotive maintenance, engine house expense 
and enginemen’s wages. 

On this prospect, an expenditure of $1,201,000 was made in 
the electrification of 90 miles of track and in replacing 22 steam 
locomotives by 17 electric locomotive units which now operate 
about 80 per cent of the total locomotive-miles. 

The actual results as indicated by the first six months of full 
electrical operationshow the total net saving in operating expense 
to be at the rate of $242,299.12 per year or an earning of 20.02 
per cent on the investment, of which the decrease in the cost of 
coal and power is 12.5 per cent. 

Other savings are due to decreased cost of locomotive mainte- 
nance, engine house expenses, lubricants, supplies and trainmen’s 
wages. 

The average tons per train hauled by the electric locomotives 
has increased 33 per cent, the average time per trip decreased 30 
per cent, the delays to traffic decreased 41 per cent, the number of 
trains decreased 25 per cent and the number of engine and train 
crews decreased 25 per cent. 


HE AUTHOR wishes, at the outset, gratefully to acknowl- 
edge the assistance of Mr. H. A. Gallwey, general 
manager, Butte, Anaconda & Pacific Railway Company. It is 
through his cooperation and effort that the operating data 
given herein are made available. Information of this character 
has seldom been published and that it is here given to the public 
is a tribute to the broad-minded policy of the railway company. 
The Butte, Anaconda & Pacific Railway was built in 1892 
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principally for the purpose of conveying the ore from the mines 
at Butte to the Washoe smelter which had been located at 
Anaconda, 26 miles west of Butte, where an abundant supply. 
of water, so necessary in the reduction of the ore, was obtainable. 
The tracks connecting Butte and Anaconda constitute the main 
line, which is approximately 25.7 miles in length. As the mines 

are mostly around the top of Butte Hill and the shafts through 
which the ore is hoisted to the surface are scattered over a con- 
siderable area, yards were built at a convenient point on Butte 
Hill for the concentration of the cars containing the ore from 
these shafts, as well as to serve as a distribution point for the 
supplies to the mines, and a branch locally known as the Missoula 
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Gulch line, Fig. 3, was built from these yards to connect with 
the main line at Rocker, where yards were also established. 

Since the concentrator at the smelter is also on a hill at an 
elevation of approximately 340 ft. above the main line, it was 
advisable to establish another yard at East Anaconda from 
which to distribute the ore and other supphes to the different 
centers on Smelter Hill. The lines from these yards at East 
Anaconda to the smelter are known as the Smelter Hill lines, 
the longest branch of which is that leading to the concentrator, 
which is about 7} miles in length. Two spurs lead off from this 


main track, one to the stock bin yards and the other to the 
copper tracks, Fig. 4. 
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From the Butte Hill yards spur tracks radiate about Butte 
Hill to the shafts of the various mines and other points where 
supplies are to be delivered, Fig. 2. Bins for receiving ore as 
it is hoisted from the mines are located near each shaft and from 
these bins the ore is loaded into hopper-bottom steel ore cars 
of 50 tons capacity each, these loaded cars being delivered to 
the Butte Hill yards, where they are made up into trains and 
taken down to the Rocker yards, where they are made up into 
still larger trains and taken over the main line to East Anaconda 
yards. Here the trains are broken up to be transported in 
smaller units up Smelter Hill to the concentrator yards. Thus 
practically all of the ore cars are handled by five different engine 
crews between the ore bins at the mines and the receiving bins 
at the concentrator. 
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A total of 27 steam locomotives was owned by the railway 
company, classified as follows: 
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The coal used on the steam locomotives was obtained from the 
mines at Diamondville, Wyoming, and had to be transported 
approximately 395 miles for delivery to the bins of the railway 
company, at which point its average cost was approximately 
$4.25 per ton. 

The machinery at the mines and the smelter had mostly been 
electrified, and the results had been so satisfactory that the 
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railway company had a study of their conditions made for the 
purpose of investigating the advantages that might be expected 
from the electrification of their lines, the result of which was the 
placing of a contract in December, 1911, for the electrical equip- 
ment of the main portion of its line, consisting of the main line, 
spurs and yards between Butte and Anaconda, the Missoula 
Gulch line between Rocker and Butte Hill yards and the Smelter 
Hill lines. Owing to local conditions on the spur tracks leading 
to the various mines from Butte Hill yards, it was thought ad- 
visable not to electrify these until a later date. 

Three of the steam switching locomotives listed above were 
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used daily on Butte Hill collecting ore from and delivering 
supplies to the various mines from the Butte Hill yards. 

The Georgetown extension to Southern Cross, 22.9 miles west 
of Anaconda, was underway at the time, but as it was expected 
that a few trains per week would take care of the traffic over 
this branch for some time, its electrification was not seriously 
considered in the original study. 

It is fair to assume that a vital consideration leading to the 
electrification of this railroad was the rapid development and 
physical consolidation of a network of hydroelectric power 
plants in the territory tributary to the railroad. 

A contract for the power for the operation of the road was made 
with the Great Falls Power Company, which, operating under 
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the same management and in physical connection with the system 
of the Montana Power Company, was enabled to guarantee an 
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ample supply of power at all 
times with exceptional free- 
dom from interruptions to 
service, and at a reasonably 
low price. 

The tracks recommended to 
be electrified totaled approxi- 
mately 90.5 miles, all of which 
are supplied with power from 
two substations, one being 
located in the Missouri River 
Power Company substation 
on Butte Hill and the other 
in the substation building on 
Smelter Hill, from which elec- 
trical power for operating the 
machinery there is distri- 
buted. At each of these sub- 
stations there was vacant 
space for the location of the 


extra apparatus required for the operation of the railway, and 
the transformer capacity already installed at each place was 
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sufficient to meet the extra demand required for the operation of 


the railway. 


The Anaconda substation is connected with the Butte sub- 
station by three high-tension trunk lines. The Butte substation 
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receives power over five separate transmission lines from six 
hydroelectric stations of the following rated capacities: 
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There is also now under construction the Great Falls Develop- 
ment, 60,000 kw., 155-ft. head. (Fig. ve} 
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All these plants are on the Missouri River water shed, all 
operate with free interchange of power, and all, except the 
first, are located in a series below the new Hebten reservoir, 
now being completed on the head waters of the Madison river, 
with an available capacity of 300,000 acre-ft. of storage. 

The individual plants are also provided with storage reservoirs 
aggregating 125,000 acre-feet of total available storage capacity. 
All of these reservoirs operating under one control are capable 
of developing from stored water alone, in addition to the power 
otherwise available from the natural flow of the river, the 
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equivalent of about 100,000 electrical horse power for a period 
of 100 days. 

In view of this development, the generally recognized advan- 
tages of purchasing electric power from a large operating system 
instead of developing the required power independently were 
readily apparent in the case of the B. A. & P. railway. The 
railroad was relieved of all first cost of development and trans- 
- mission of power and of all operating expense up to the point of 
delivery of power to the two substations. The cost of the de- 
livered power is less than it would have been from an independent 
development, because the power company is enabled to operate 
large generating stations at relatively high load factor (about 
75 per cent), whereas an independent plant purely for the 
operation of the railway would have to operate in this case 
at about 30 per cent load factor, with correspondingly high 
fixed and operating charges per kilowatt-hour actually used. 
The large number of generating stations and complete network 
of transmission lines already developed by the power company 
afford ample insurance against interruption to railroad service 
due to possible failure of any part of the generating or trans- 
mitting system of the power company, and the enormous inertia 
or flywheel effect of the motor loads connected to the power 
system maintain extremely steady speed and voltage under the 
most extreme variations of load on the railroad. 

The original equipment of each substation was practically 
the same, consisting of two 1000-kw., three-unit motor- 
generator sets with the necessary starting and operating de- 
vices. Each motor-generator set consists of a 1450-kv-a., 
three-phase, 60-cycle, 720-rev. per min. synchronous motor 
coupled direct to two 500-kw., 1200-volt direct-current genera- 
tors, one at either end, the two generators operating in series 
and supplying 2400-volt direct current to the trolley lines. The 
generators are compound-wound and have compensating pole 
face windings as well as commutating poles. The series fields 
are connected on the grounded side of the armature, while the 
main fields are separately excited from a 125-volt circuit. 
The motor-generator sets are capable of carrying overloads 
up to three times normal load momentarily, and 50 per cent over- 
load for two hours. The value of this characteristic will be 
appreciated when it is noted that each electric locomotive unit 
has a continuous rating of approximately 900 kw., almost equal 
to that of a single motor-generator set, and frequently 16 of the 
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Fic. 11—2400-Vo_ttT Moror-GENERATOR Ser CONSISTING OF ONE 1450- 
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17 units are in service simultaneously, 11 of which are concen- 
trated at the Anaconda end at intervals. 

Seventeen 80-ton electric locomotive units were purchased, 
originally, fifteen of which are being operated in freight service 
and two in the passenger service. These units are practically 
interchangeable, with the exception of the gearing, the passenger 
locomotive being geared to operate normally at 40 or 5O0tmaie 
per hr. while the freight locomotives are geared to operate at 
from 15 to 25 mi. per hr., the maximum free running speed 
being approximately 35 mi. per hr. The continuous tractive 
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effort of the freight units is 25,000 Ib., at 15 mi. per hr., but they 
are capable of exerting a maximum tractive effort of 48,000 
1b. for five-minute intervals, based on a coefficient of adhesion 
of 30 per cent. 

All the locomotive units are of the articulated, double-truck 
type with twin gears mounted on projections provided on the 
wheel centers for the purpose, and in general mechanical design 
are similar to the electric locomotives in operation on the Great 
Northern railway, the Detroit River Tunnel railway and the 
Baltimore & Ohio railway. Each unit is equipped with four 
commutating-pole motors wound to operate at 1200 volts each, 
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but insulated for 2400 volts, so that two are connected perma- 
nently inseriesand the four arranged in pairs, thus securing the 
usual two running points, with the difference that on the series 
position all four motors are in series, and in multiple the two pairs 
are connected in series-parallel. : 

The standard rating of each motor is approximately 300 
h.p., making the hourly rating of each locomotive unit about 
1200 h.p. The control equipment is of the multiple-unit type 
and provides a total of 19 steps, ten of which are in series and 
nine in series-parallel. The 2400-volt contactdrs, switches, 
fuses, etc., are located in enclosed compartments where they 
can be reached only by deliberate effort. The current for the 
operation of the control equipment, the air compressor, and 
the lights on the locomotive as well as the lights on the passenger 
coaches, is supplied by a 2400/600-volt dynamotor located in 
the main compartment of each locomotive unit. 

A blower is direct-connected to the armature shaft of this 
dynamotor which provides artificial! ventilation for the main 
motors and the rheostats. The principal data and dimensions 
pertaining to the electric locomotives are as follows: 


Length inside of knuckles................ oiit.) 410. 
Length GVePCaD : hk Ose hl ees sy he 
pleightrower cal tary ek ade he Aenean 12S Os 
Height with trolley down......¢..s. ¢:e5., Ue ay 
Waeth 2over-all o/4233..¢ tater dnc ae IMO) es 
Dotalswheeal. base. 2h oc. us ue » cot ane 26 “ 
Rigid. wibeel aS 2. od. enie ceed ee ae Hie 
UOC PRG co dic 9 haaee ti eet ae 2 tage oe a 
ORBIT OLg Di, a huks te ttre te ee ee 160,000 Ib. 
Weightper axle. re. sees) Oe sen 40,000 “ 
Wiiecle steel tited Joc o. ek wet leet. 46 “ 
Journals tee Geeta tye eae ee ae ee Ox seals 
Gears, forged rims, freight locomotives... . 87 teeth. 
Gears, forged rims, passenger locomotives . SOR 
Pinions, forged, passenger locomotives... .. 18 tS 
Pinions, forgéd, freight locomotives..... ae 25 - 
Tractive effort at 30 per cent coefficient... . 48,000 Ib. 
Tractive effort at one hour ce) G10 Cone 30,000 “ 
Tractive effort at continuous rating........ 25,000 “ 


Work on the electrification began in the spring of 1912, and 
the first electric locomotive was run in Anaconda on May 14th, 
1913, about a year later. 

On May 27, two ore trains were hauled up Smelter Hill on 
trial trips with electric locomotives and on the following 
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day a double-unit electric locomotive took over the regular 
day service of hauling the ore from East Anaconda yards to the 
concentrator yards, the distance between which is approxt- 
mately seven miles, the ruling gradient being 1.1 per cent com- 
pensated, and the grade fairly uniform through the entire dis- 
tance, Fig. 6. The steam locomotives used in this service were 
of the Mastodon type, weighing 108 tons, 83 tons of which was 
on the drivers. The weight of the tender loaded was approxi- 
mately 55 tons, making the total weight of locomotive and 
tender about 163 tons, which would average closely to the 
weight of the double-unit electric locomotive superseding it. 
The steam locomotive made ordinarily six round trips per 
shift, hauling 16 loaded ore cars per trip, equaling 96 cars per 
shift. 

The average time for the trip from East Anaconda to the 
concentrator yards with 16 loaded cars for the steam locomotive 
was about 45 minutes. The double-unit electric locomotive 
began taking only 16 cars per trip but made 8 trips per shift, 
delivering 128 cars per shift. The average time for the up- 
hill trip with the electric locomotive was about 22 minutes, or 
approximately half the time required by the steam locomotive 
for the same number of cars. Empty cars were taken to East 
Anaconda on the return trip which, being all down grade, gave 
the electric locomotive no decided advantage, as the speed in 
either case was limited to about 25 mi. per hr. for safety, on 
account of the curves in the line. The number of cars hauled 
per trip was kept the same with the electric locomotives in the 
beginning as it had been with steam, as it had been decided 
to make the change-over by gradually replacing one steam loco- 
motive at a time with an electric, taking the engine crew off 
the one and placing it on the other, thus breaking them in on 
the electric locomotives in regular service. 

One of the regular steam engineers had been givén special 
instructions on the electric locomotives during the experimental 
running in order that he might become competent to act as 
instructor to the other engineers until they were sufficiently 
familiar with the electric locomotives to be left alone. 

The load per trip in this service was gradually increased from 
16 cars to 25 cars, which is to be the standard for the present. 
The average time for the up-hill trip with 25 cars is about 26 
minutes so that eight trips per shift are easily made, making a 
delivery of 200 cars possible or an increase of slightly more 
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than 108 per cent over what had been possible for the same 
crew with steam locomotives. These loaded ore cars average 
from 70 to 72 tons each, making the trailing load for a 25-car 
train from 1750 to 1800 tons. 

On arrival at the concentrator yards the ore trains are taken 
by a switching engine called the ‘‘spotter’’, which places one 
car at a time over the weighing scales, after which they are re- 
arranged for placement over the concentrator bins from which 
the ore is fed by gravity to the crushers. 

On June 20th this spotting service was taken over by a single- 
unit electric locomotive and on July 2nd the night service up 
Smelter Hill was taken over by the double-unit electric loco- 
motive. The steam locomotive used for the spotting service 
was of the consolidation type and weighed 93 tons, 83 of which 
was on drivers, the tender weighing loaded 62 tons, making the 
total weight of engine and tender 155 tons. The steam loco- 
motive used in the night service on Smelter Hill was similar 
to that used in the day service. When the electric engines were 
put on the night service all the handling of ore between East 
Anaconda and the concentrators was done electrically, and the 
hauling capacity per crew was so much greater that it was no 
longer necessary to have a ‘‘spotter’” crew on the night shift 
so that this crew was eliminated, and the night crew hauling 
the ore up Smelter Hill did their own spotting on arrival at the 
concentrator yards, it being no longer necessary to make the 
regular number of trips. Thus, where formerly during steam 
operation four engine and train crews had been required, now 
with electric locomotives three similar crews were able to do 
the same work and in less time, thereby reducing the number 
of crews required in this particular service 25 per cent. 

On July 9th the stock bin engine was replaced by an electric 
unit. This engine is engaged mostly in a switching service, 
placing tars of coke, coal and other supplies at the smelter. 
The type of steam engine used here was the same as that used 
for the ‘‘spotter’’ service described above. 

Another engine locally known as the “tramp”? because of 
the irregularity of the time or place of its service was partially 
replaced on July 24th. As some of the tracks over which this 
engine had to operate at times had not been equipped with 
overhead wires, the infrequency of their use not warranting 
the expense when other conditions made it necessary to keep 
one or more steam locomotives in operation, the service of this 
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electric unit was intermittent. This practically completed the 
electrification of the Smelter Hill service and no further exten- 
sion of electrical operation was made until October, as the 
trolley construction on the main line was not completed until 
that date. 

On the forenoon of Sept. 30th an inspection trip was made 
over the main line from Anaconda to Butte and in the after- 
noon a special train carrying officials and visitors from a neighbor- 
ing road was taken from Butte to Anaconda and return by one 
of the electric locomotives intended for the passenger service. 
On October Ist the regular passenger service between Butte 
and Anaconda was taken over for electrical operation. The 
steam locomotives used in the passenger service weigh approxi- 
mately 80 tons, 60 tons of which are on drivers, the tender 
loaded weighing 52 tons, making the total weight of engine and 
tender 132 tons. The distance between the stations—Anaconda 
to Butte—is 25.7 miles, the schedule time for the trip, one hour. 
No change has been made in this time, though a reduction of 
20 per cent would be possible with the electric locomotives 
were such desired. The standard passenger train consists 
of one mail and baggage coach and two to four passenger coaches, 
but as many as 12 passenger coaches are handled by a single 
electric unit on special occasions, such as excursions and on 
holidays. 

The baggage coaches average approximately 40 tons in weight 
and the passenger coaches 45 tons each making, the gross 
weight of the three-car electric train approximately 210 tons, 
whereas that of a similar steam train was 262 tons, showing 
a reduction of 19 per cent in favor of the electric locomotive 
_with approximately 33 per cent more weight on its drivers. 
As had been done in the freight service, the steam enginemen in 
the passenger service were transferred from the steam to the 
electric locomotives with but little previous instruction, and 
after the first day or so were left mostly to themselves. It may 
be of interest to note here that on the day shift, averaging four 
trips per day, during the first five months the passenger train 
did not come in late a single time on account of engine trouble. 
A comparison of the delays to the passenger trains for the 
month of June, 1913, steam operation, with the same month, 
electrical operation, 1914, as shown in Table V, results as 
follows: 
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Total 
Delays on Account of Delays 
No. of 
Trains ; 
Meeting Engine Lost Run All 
Points Power Failure Time Causes 


Hr. Min. | Hr. Min. | Hr. Min. | Hr. Min. | Hr. Min. 


Steam lO tees eel 202 15:49 44 4:13 20 : 46 
Lees sel Oi4vy eet oe 280 3: 54 27 24 25 5:10 
Decrease....... - 8*| 11255 27* 20 3:48 15 : 36 


Percentage of sav- 
ing due to electrical 
Operation... yan es. s 2.94* 75.66 45.45 90.10 75.12 


* Increase. 


June was taken at random for a comparison, as that month’s 
records were still in the office file but the results are considered 
representative of general performances. 

On October 10th a double-unit electric locomotive was put 
in the day freight service on the main line between East Ana- 
conda and Rocker, a distance of 20.1 miles. The steam loco- 
motive replaced in this instance was of the Mastodon type 
weighing 103 tons, 77 tons of which was on drivers, the tender 
loaded weighing 55 tons, making the total weight of locomotive 
with tender 158 tons. The standard train hauled on the trip 
west was 50 to 55 loaded ore cars weighing approximately 3500 
to 4000 tons gross and the average running time of such trains 
where no stops were made was about 13 hours, corresponding 
to an average speed of approximately 13.4 miles per hour. In 
the beginning the electric locomotive took only the standard 
train but made the trip without stop in about one hour, corre- 
sponding to an average speed of 20 mi. per hr. The ruling gra- 
dient on the westward trip is 0.3 per cent and about half the 
distance is down grade. On the 0.3 per cent grade with a 55- 
car train, the steam locomotive made about seven mi. per hr. 
The electric locomotives with similar train now make about 
16 mi. per hr. on the same grade. 

The weight of the trains hauled by the electric locomotives 
on this run has been gradually increased up to 65 loaded ore 
cars averaging about 71 tons each, making the gross weight 
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trailing about 4620 tons. Adding 160 tons for the weight of 
the double-unit electric locomotives and 20 tons for the caboose 
makes a gross train wéight of approximately 4800 tons. 

The remainder of this main line freight service was gradually 
taken on during the months of October and November, thus 
completing the electrification of the main line service. As 
many as 76 ordinary freight cars loaded with coal, coke and 
general merchandise have been taken in a single train on the 
west-bound trip and 85 empties are frequently taken from 
East Anaconda to Rocker east-bound, the ruling grade being 
one per cent. 

Table IV gives comparative results of the month of June 1913 
steam operation vs. the same month, 1914, electrical operation 
of this main line service, showing that with a slight increase in 
the total tons of ore hauled the average tons per train was in- ~ 
creased from 1761 to 2378 or 35 per cent, thus decreasing the 
average number of trains per day from 12.5 to 9.3, or 25.6 per 
cent. 

Table III, giving a comparison of the time per trip for 
these trains, is representative of the gain in this direction to be 
added to the decrease in the number of trains. The average 
time per trip during steam operation was approximately two 
hours and 25 minutes, while with the electric locomotive it was 
approximately one hour and 45 minutes, showing a decrease 
of 40 minutes, or 27.5 per cent. These figures represent the 
time put in by the crews between Rocker and Anaconda, the 
distance being 21.8 miles. 

The result of these improvements is indicated in Tables I 
and II, which show that the overtime in this particular service 
‘has been decreased 73.5 per cent and the total time 42 per cent, 
resulting not only in greater economy to the railway company 
but in shorter and easier hours for the crews. 

The service on the Missoula Gulch line running between 
Rocker and Butte Hill yards was taken over for electrical opera- 
tion on October 20th. This line is 4.5 miles in length and the 
ruling gradient 2.5 per cent, Fig. 5. The steam locomotives 
used on this line were of the Mastodon type, weight 106 tons, 
87 tons of which were on the drivers, the tender loaded weigh- 
ing 56 tons, thus making the total weight of engine and tender 
162 tons. Two complete crews had been required to handle 
this service during steam operation, averaging six trips per day 
each. A single crew with a double-unit electric locomotive has 
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been doing this work successfully. Thirty-five to 45 loaded 
ore cars are taken down from Butte Hill yard to Rocker, and 
about an equal number of empties taken up. In addition to 
the empties, large quantities of timber and supplies for the 
mines are delivered over this line. 


TABLE I 


NuMBER OF Hours ENGINE CREWS WERE EMPLOYED IN VARIOUS 
SERVICES—-JUNE 1913 STEAM OPERATION 


Anaconda Yard Butte Hill Yard Local Road 

Date {Regular Over |Regular | Over’ |Regular Over Regular; Over 
Time Hr.|Time Hr.|}Time Hr./Time Hr./Time Hr./Time Hr.}Time Hr.|Time Hr. 

June 1 80 14 20 4.50 20 3.25 = 80 13.75 
2 90 6.50 20 6.50 20 5.75 40 17.265 

3 50 5 _- — 20 6.25 40 15 
4 70 11.75 20 8.25 20 6576 30 11.50 
5 80 11.75 20 8.00 20 6.00 30 12.25 
6 70 9.25 20 9.00 20 10.00 30 14.50 
a 80 13.75 20 8.75 20 6.50 30 11.25 
8 70 8.00 20 8.15 20 4.75 30 12.25 
9 70 10.50 20 11 .50 20 8.25 30 11.50 
10 80 8.75 20 t.ab 20 2.00 30 9.00 
AL 80 13. 20 10.25 20 7.00 30 10.50 
12 70 7.00 20 2.00 20 Haus 30 12.00 
13 40 5.25 10 1.00 20 6.75 
14 70 12.25 20 1..25 20 7.50 30 9.50 
15 70 10.25 20 8.75 20 5.25 30 11.00 
16 80 yea 20 9.75 20 16.00 30 9.25 
ile 80 (oer) 20 9.00 30 11.00 30 15.25 
18 70 LB 25 20 7.50 20 10.75 30 12.50 
19 70 9.50 20 9.00 20 oe fa 30 8.00 
20 80 12.00 30 10.75 20 5.75 30 8.75 
21 80 9.75 20 10.25 20 3.50 30 12.75 
22 70 5.50 20 tot 20 5.75 30 10.00 
23 70 7.00 20 $.25 20 6270 30 8.75 
24 80 7.50 20 4.50 20 8.00 30 9.00 
25 70 9.25 20 6.00 20 9.00 30 11.50 
26 80 10.25 20 9.00 20 7.00 30 13.27 
27 70 (Geli) 20 Ufo) 20 7.00 30 10.25 
28 70 5.50 20 2.50 20 4.75 30 9.00 
29 80 6.00 20 1.50 20 3.0D 30 9.75 
30 80 8.75 20 20 7.00 30 9.50 

Total 2200 274.50 570 208.50 600 194.25 910 335.50 


Tons Ore Hauled During Month—311,450. 

On November 25th, the last of the electric locomotive units 
went into service, thus completing the electrification originally 
intended. The full electrical service has, therefore, now been 
in operation more than nine months and that on Smelter Hill 
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more than 15 months, so that the total locomotive-miles operated 
would be approximately close to an average year’s performance. 


TABLE Il 


NumBer or Hours ENGINE CREWS WERE EMPLOYED IN VARIOUS 
SERVICES—JUNE 1914 ELECTRICAL OPERATION 


Anaconda Yard | Butte Hill Yard Local Road 
Date Regular | Over saciid | Over | Regular Over | Regular| Over 
Time Time Time Time Time Time Time Time 
June 1 70 7.25 *. 20 1.25 20 2.50 30 2.25 
2 70 8.25 20 4.00 20 2.50 30 5,00 
3 70 9.50 10 1.00 20 4.00 30 1.25 
4 60 Tisao 10 2.00 20 2.75 30 4,25 
5 60 12.50 10 2.00 20 2.75 20 2.50 
6 60 7.25 10 2.00 20 2/50) 20 2,265 
7 70 8.25 10 2.00 20 2.00 20 6.25 
8 60 8.75 10 1.75 20 2.75 20 3.00 
9 60 10.50 10 1.50 20 4.75 20 4.75 
10 60 11.25 10 1.75 10 1.00 20 7h 
11 60 5.00 10 1.50 20 vara) 20 1.25 
12 60 9.00 10 1.00 20 2.00 20 1.25 
13 30 Blea Aa) 10 1.00 10 1.00 10 4.00 
14 60 5.50 10 1.25 20 2,25 20 1,25 
15 60 6.50 10 1.00 20 2.765 20 1.50 
16 60 4.00 10 1.50 20 2,60 20 2.00 
17 60 7.75 10 1.00 20 3.00 20 2.75 
18 60 8.75 10 1.75 20 2,25 20 1.50 
19 60 7.25 10 3.00 20 2.25 20 2.25 
20 60 10.75 10 1.75 20 2.20 20 6.75 
21 60 8.75 10 1.75 20 2.25 20 11.25 
22 50 5.50 10 1.00 20 2.765 20 2.25 
23 60 (a3) 10 1.00 10 150 20 3.50 
24 60 11.25 10 1.50 20 3.00 20 3,50 
25 60 (otis) 10 1.50 20 2.25 20 5.25 
26 60 serfs) 10 1.25 20 2.50 20 sear.) 
27 60 8.50 10 1.25 20 2.00 20 3.75 
28 60 4.25 10 6.00 10 1.75 20 2.00 
29 60 6.00 10 1.00 10 1.76 20 5.50 
30 60 10.50 10 1.25 20 2.25 20 3.50 
Total 1800 232.00 320 48 .50 550 73.50 630 89.00 
Decrease 400 42.50 250 160.00 50 120.75 280 246.50 
Regular Over Total 
Total time 1913—Steam.......-- see eeeeeee 4280.00 1012.75 5292.75 
ss a Oa Blectricn meee eee OU OO 443.00 3743.00 
IDV CPICTE ss cs so tener einen OFC O10-G 0 Oh Odie CIDE SOI Omrrne 980.00 569.75 1549.75 
Percentage of decrease... 1.1... see sere rece eeeees 22.89% 56.26% 29.28% 


Tons ore hauled during month—319,700 


This was the first installation of 2400-volt direct-current 
apparatus for the operation of a railway in this country, 1500 
volts being the highest heretofore installed for such a purpose, 
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The results have been more satisfactory than had been anti- 
cipated and the development charges due to such imperfections 
as usually appear during the first year of operation have been 
perhaps smaller than is customary with an undertaking of like 
magnitude, even where standard apparatus is used. 


TABLE III 
COMPARISON oF TIME REQUIRED PER TRIP OF FREIGHT TRAINS. 
BETWEEN RocCKER AND ANACONDA—First 2 Days or JuNE 1913, STEAM OPERATION, 
WITH CORRESPONDING 3 Days ELECTRICAL OPERATION. 


1913 Steam 1914 Electric 
East Bound. West Bound East Bound West Bound 
Train No.| Tons Time Tons Time Tons Time Tons Time 
Hr. Min. Hr. Min. Hr. Min. Hr. Min. 
1 255 iesperke) 1705 2:00 380 i +.02 2915 2:00 
2 1010 i 3/50 2848 205, 314 iY ORs 3092 2:00 
3 1010 3.220 3760 2:10 1336 1:45 4088 1 320 
Ist 4 915 2:40 3420 2:30 1260 1:40 3830 16 
5 1047 2:30 2944 3 245 1240 1:40 4009 2:05 
6 1000 2:20 2935 2:05 
if 1010 4:00 
1 415 1:07 3110 3:40 416 TE i) 3100 2:00 
2 1010 2:10 3760 2 310 1154 1:40 3220 1 325 
2nd’ 3 1010 2:45 2884 2°00 1298 2:00 3752 2:20 
4 1010 3:00 3420 2:00 458 Bee, 4029 2210 
5 1104 2:20 3420 2:00 1232 2:00 3720 2 520 
6 1000 3:00 2910 2 +50 1190 testo 2840 SaoO 
1 380 13102 3380 2.250) 470 08 2515 DS 
2 1010 1:50 1630 2:45 1280 1:40 3964 peri a 
ord 3 992 2:50 200 2:00 1298 2:05 4098 1:30 
4 884 2:20 0 WEA) 482 1:40 3760 1:40 
5 1046 2:40 3150 2:30 1074 PAIR) 3138 2:30 
6 1084 3315 2770 2:40 1200 A Ws) 0 1:10 


Totals 19 17192 46:12 18-48246 43:20 17-16082 28:45 17-56070 30:40 
Av'ge per 
‘Drainiaene 905 2:26 2680 2:24 946 aL 3298 1:48 


Grand Average. 1768 tons per train, time per trip 2.25; 2150 tons per train, time per trip 
1:45. 


Result. 20.0% increase in tonnage per train, 27.58% decrease in time per trip. 
*On June 5th, 1914, one main line crew was taken off and the tonnage of the remaining 
trains increased so as to handle the regular business. 


Difficulties especially attributable to the higher potential 
have been negligible, and while there have been occasional in- 
stances of arcing and flashing or short circuits due to ordinary 


causes, the resultant damages have been really smaller than 
i 
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might be expected from a like occurrence on a 600-volt installa- 


tion of equal capacity. 


The original brushes supplied in the motors chipped badly 


TABLE IV 


CoMPARISON OF FREIGHT TRAIN MOVEMENTS BETWEEN ROCKER AND ANACONDA. 
STEAM OPERATION FOR MoNTH OF JUNE 1913 wiTH ELECTRICAL OPERATION FOR SAME 


MontTH 1914 
1913 Steam 1914 Electric 
East Bound West Bound East Bound West Bound 
No. Total No. Total No. Total No. Total 
Date Trains Tons Trains Tons Trains Tons Trains | Tons 
1 7 6247 6 17612 5) 4530 5 17934 
2 6 5549 6 19504 6 5748 6 20661 
3 6 5396 6 11130 6 5804 6 17425 
4 ii 5584 6 14632 6 6127 6 18332 
5) 7 5848 6 14625 5 5334 5 17155 
6 if 5877 6 19471 4 4804 4 17563 
7 7 5698 6 21021 5 6579 5 19073 
8 7 6388 if 17023 5 6083 5 14170 
9 6 5508 iG 12507 5 5796 4 15292 
10 6 5039 6 19240 5 6027 5 16926 
il 6 5381 5 15925 4 5345 4 12832 
12 5 4376 6 18112 5 5670 5 17881 
13 5 3705 5 9565 2 2322 1 3042 
14 6 4912 6 7841 4 4638 4 13803 
15 tf 5652 i 17691 5 5262 4 15761 
16 6 5180 7 17518 4 5116 4 16408 
Wi 6 5475 6 16090 5 6433 5 20581 
18 6 5483 6 16592 4 5141 4 17546 
19 7 6003 6 18301 is, 6661 5 18489 
20 Za 5277 6 22283 5 6768 5 17992 
21 4 5737 6 18986 4 5120 4 11932 
22 7 5082 6 15464 a 6017 5 15613 
23 6 5386 6 11941 4 4121 4 15930 
24 6 5098 6 18210 5 6556 is} 18917 
25 ¢ 5544 id 17992 5 6531 5 16855 
26 tl 5690 6 18304 5 6782 5 18593 
27 7 5935 6 14764 4 4362 4 18038 
28 7 5754 5 17297 4 5047 4 14884 
29 6 5105 6 19899 5 6455 5 17941 
30 6 5221 6 17584 5 6617 5 18128 
Motale wc. 193. 163,130 182 497,124 141 167,796 138 495,697 
Average.... 6.4 845 6.1 Pest 4.7 1,190 4.6 3,592 


Grand Average 12.5 trains per day, 1761 tons per train. 


train. 
Results—25.6% less trains. 


9.3 trains per day, 2378 tons per 


35.0% greater tonnage per train. 


and before all these had been replaced it was often found when 
the units were brought in for regular inspection that some of 
the brushes were broken entirely into pieces, and while there 
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was evidence that a flash-over might have occurred at some time, 
no harm had resulted other than the blowing of the motor fuse, 
on the replacement of which the engine was continued in service 
until its regular time for inspection, when the cause of the fuse 
blowing would first be discovered. 

The fact that the locomotives continued in service thus is 
sufficient evidence of the harmlessness of the arc-over and in 
no instance of the kind has any real damage been done. ‘The 
locomotives have made from 25,000 to 50,000 miles each and 
without exception the motors are in excellent condition. The 
‘wear on the commutators is imperceptible and the general 
performance of the entire equipment is quite as satisfactory 
and promising as that of any railway equipment with which 
we have had experience in similar service. 

The overhead construction has been’ quite satisfactory and 
a recent examination of the trolley wire shows no indication of 
unusual wear. The roller pantographs are operating quite 
successfully, the average life of these being from 10,000 to 
12,000 miles per roller. Where a double-unit locomotive is 
operated, the two pantographs are connected electrically by a 
main bus line, and the average current collected by each, when 
ascending the grades with standard loads, is from 350 to 400 
amperes. Two pantographs operating in multiple thus will 
collect more than double the current that can be successfully 
collected by a single pantograph for the reason that sparking 
is usually due to the momentary breaking of contact between 
the trolley wire and the roller caused by hard spots in the line. 
When two pantographs are operated in multiple both do not 
encounter these hard spots at the same instant, hence one of 
the two is more apt always to be making good contact, so that the 
flow of current is not so frequently interrupted and consequently 
the sparking is greatly reduced. The double units operating 
on Smelter Hill were run experimentally for several days with 
only a single roller making contact with the wire, the operation 
being quite successful with the single roller collecting an aver- 
age of 650 to 750 amperes while running at 16 to 17 mi. per hr. 
and 800 to 1000 amperes during the accelerating period in 
multiple. The sparking was not serious except at hard points 
in the line, and with two rollers in multiple there should be no 
difficulty in collecting 500 to 600 amperes per roller, which at 
2400 volts should be equal to the requirements of any ordinary 
locomotive unit. 
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The bearings first used in the rollers were provided with 
ordinary bushings lubricated with oil but when the bushings 
became slightly worn the oil was thrown out along the spindle 
and had to be replenished at comparatively frequent intervals. 
This was not serious in the operation of the freight locomotives 
but became more so when the passenger service was started, 
as the higher speed caused the oil to be thrown out more quickly, 
resulting in very short life of the bushings. Slight changes 
were made in the bearings and grease was substituted for the 
oil as a lubricant, which proved quite satisfactory. However, 
the vibration which results from too much play in the bearings 

-of the roller when operating at high speeds made it desirable 
to increase the life of these bearings as much as possible, so 
that, later, roller bearings with grease lubrication were installed 
with excellent results. As yet, these have not been in operation 
a sufficient length of time to indicate definitely how long they 
may be expected to last, but it would appear that the bearing 
will last much longer than the roller and that the attention 
required for the adjustment and lubrication of the bearing or 
the roller will be negligible. 

On account of a decision of the mining company to divert to 
the Washoe smelter, at Anaconda, the shipment of approxi- 
mately 3000 tons of ore per day that had previously been sent 
to the smelter at Great Falls, which will increase the ore traffic 
over the Butte, Anaconda & Pacific approximately 25 per cent, 
an extra motor-generator set, a duplicate of the original sets, 
has been installed in the Anaconda substation as a spare set, 
and four additional electric locomotive units were ordered and 
will be delivered within the next three months. These units 
will be duplicates of the original ones except that they are to 
be arranged for operating with an extra tractor truck attached 
when desired. This tractor truck will be a duplicate of the stand- 
ard truck used under the regular units, with two standard motors 
mounted upon it with the necessary arrangements for coup- 
ling, both mechanically and electrically, so that the standard 
unit and the tractor truck may be operated as a single unit. 
The motors of the tractor truck are connected with those on 
the standard unit in such a manner as to place all six motors 
in series on the series points of the controller, and with a series- 
multiple connection with three motors in each series, on the 
multiple position of the controller. This arrangement will 
make the tractive effort of the new unit 50 per cent greater 
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than that of a standard unit for the same input, with a reduction 
in the free running speed of about 333 per cent. 

This arrangement was made advisable because of the increase 
in the weight of the trains taken up Smelter Hill, amounting 
to approximately 56 per cent. A single unit when used in the 
“spotting” service is taxed close to the slipping point of its 
wheels when accelerating these heavier trains on the 0.5 per 
cent gtades under ordinary conditions of weather, and has to 
be handled very carefully with the continuous use of sand when 
the condition of the rails is unfavorable. Connecting the addi- 
tional motors in series will also result in considerable power 
economy, since with a single unit the controller is seldom off 
the series resistance points, on account of the heavy trains handled 
and the short movements required. 

Small change in the personnel of the maintenance or operating 
departments of the railway has been made on account of the 
electrification, nor has there been any reduction in salaries or 
wages. An extra man with electrical experience was placed 
in the shops to supervise the electrical repairs to the locomotives 
and three linemen were retained for the maintenance of the 
trolley system. 

The three steam switching locomotives used for concentrating 
the ore at and distributing supplies from Butte Hill yards are 
continued in this work for reasons heretofore stated. Another 
steam locomotive is used on the Georgetown branch and a 
fifth one operates at intervals over unelectrified tracks at the 
Anaconda end. Approximately 20 per cent of the total loco- 
motive-miles now being operated is by these five steam loco- 
motives, the cost of which, as shown in Table VI, is upwards of 
40 per cent of the total cost of all locomotive performance. 

The electrification of the remaining tracks on Butte Hill 
has been recommended and no doubt will be commenced at 
an early date. Table VI referred to was made up from the reg- 
ular monthly locomotive performance sheets of the railway 
company, from which the principal saving resulting from the 
electrification may be noted. The saving from the partial 
substitution of electric power for coal is the chief item, being 
at the rate of $150,727.04 per year, which is remarkable when 
it is considered that more than 39 per cent of the total combined 
costs for fuel and power for the period considered was for coal 
and charged against electrical operation. In this instance 
the saving on this item alone would undoubtedly justify the 
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expenditure covering the entire cost of electrification. It is 
to be noted that with a single exception, that for depreciation 
of equipment, every item of expenditure in. the locomotive 
performance sheet shows a substantial percentage of decrease 
in favor of electrical operation. 

It is the practise of the railway company to adjust deprecia- 
tion charges on all locomotives at the beginning of each half 
year. The amount to be charged to the depreciation of a new 
locomotive for the first half year it is in service is determined 
by taking a fixed percentage of its cost to the company, one- 
sixth of this amount being charged against the locomotive each 
month for the half year, at the end of which the amount of ihe 
depreciation for the period is deducted from the original cost 
of the locomotive to give a new value, of which the original 
fixed rate of percentage is taken in determining the amount of 
the depreciation for the following half year, and so on. 

The Interstate Commerce Commission ruling does not per- 
mit a depreciation charge until the locomotive actually becomes 
the property of the railway company and as the electric loco- 
motives were not formally taken over by the company until 
March, 1914, the proper monthly charge begins only with that 
month in the regular monthly performance sheet from which 
Table VI was compiled. In fairness to the performance sheet, 
only the proper monthly depreciation charges were made, but 
as some of the locomotives had been in service eight months 
before these charges began, an adjustment was necessary to 
make a proper distribution of the back depreciation, so that 
while Table VI shows only the proper monthly charge for the 
six months compared, amounting to $8,471.84, in Table VII 
under ‘‘maintenance of equipment” the total back charges 
were included, amounting to $20,047.48. It is evident that 
the depreciation reckoned on this basis for the first months of 
service would be comparatively high. 

The total saving from locomotive performance alone as in- 
dicated by Table VI is at the rate of $237,581.82 per year, to 
which should be added the credit of handling an increase of 
traffic at the rate of 13,938,136 ton-miles per year or 8.77 per 
cent more than was handled by the steam locomotives during 
the period compared. To this saving from locomotive per- 
formance should be added the saving from trainmen’s wages, 
which is at the rate of $31,146.30 per year, or a decrease of 
approximately 21 per cent, due largely to the elimination of 
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overtime (Tables I and II), making the total saving from these 
two items $268,728.12 per year. From this should be deducted 
$10,839.12 for maintenance of the distribution system, leaving 
$257,889 as the net operating saving per year due to electrical 
operation. 

The roadmaster states that it is quite evident that the elec- 
tric locomotives are much easier on the track at curves but that 
there is no noticeable difference on tangent track, and that 
while sufficient time has not yet elapsed to form definite con- 
clusions, present indications lead him to expect that any dif- 
ference relative to his work will be favorable to the electric 
~ locomotives. 

Arranging the items of expense appearing in Table VI in the 
order of usual appearance in the summary of a standard loco- 
motive performance sheet, and placing them on a yearly basis, 
results as follows: 


Item of Operating Expenses Steam 1913 | Electric 1914 | Decrease 1914 | Per cent 
decrease 
Bucland:power: 2. sen oe as $315,235.74 164,508.70 150,727 .04 47.81 
RGpatcs costs date aenroe neers 124,787.90 92,278.08 32,509 .82 26.05 
Enginemen’s wages.......... 104,461.18 71,225.88 3o,o00 200) 31.81 
Enginehouse exp............. 29,907.80 18,638.38 11,269 .42 37.68 
Weatbety cm acere vlgiidersucie as ota 4,953.66 1,193.70 3,759 .96 75.90 
LUCAS trtacsar wien «. ebevene 9,751.44 4,942.32 4,809.12 49.30 
ObhersaO OMe. wea. san we 5,823.52 4,552.36 1,271.16 21.83 
ToTaL LOCOMOTIVE PERFOR- —<——=_—— 
MANGH oni vvctk ts ciadesctall goes O20 24 $357,339 .42 237,581.82 39.93 
Trainmen's wages............ 147,632.30 116,486.00 31,146.30 21510 
GRANDMOT ADs cease eatonr 742,553.54 473,825.42 268,728.12 36.19 
Ton-miles hauled.... ....... 158,917,720 172,855,856 13,938,136* 8.77* 
*Increase = 


The total cost of the electrification, including a change of 
signal system on Smelter Hill, the extra motor-generator set 
recently installed at Anaconda, interest during construction 
and all incidentals due in any way to the electrification, was 
in round numbers $1,201,000. This does not include the step- 
down transformers, which are the property of the power com- 
pany, but on the other hand no deduction has been made for 
the salvage due to the elimination of 20 steam locomotives. 

If a correction be made for the item of depreciation in Table WL, 
charging the regular monthly amount of $2711.13 begun in 
March for each of the six months, making the total of this item 
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for the period $16,266.78 instead of $8,471.84 as it stands on 
the performance sheets, the total saving per year from loco- 
motive performance would be reduced to $221,991.94, making 
the total net saving $242,299.12, which is equivalent to 20.02 
per cent on the entire cost of the electrification, to say nothing 
of the increased capacity of the lines, the improvement in the 
service and more regular working hours for the crews, as is in- 
dicated in Table V, comparing the delays to traffic, and Tables 
I and II, showing the decrease in overtime. 

From Table VII it will be seen that if taken on the basis of the 
increase shown in net operating revenue, or operating income, 
this percentage is slightly greater, the rate of increase per year 
for these items being $288,150.80 and $282 016.96, respectively. 

The estimate on which the decision to proceed with the 
electrification of the road was made, placed the annual net saving 
expected at 17.5 per cent of the cost, so that the results financially 
have been quite as satisfactory as the general performance of 
the equipment. 
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DiscussION ON “‘ ELECTRIFICATION OF THE BuTTE, ANACONDA 
AND Paciric Raitway” (Cox), SPOKANE, WASH., SEP- 
TEMBER 10,1914. 


Paul Lebenbaum: This paper looms up as an oasis of facts 
in a desert of glittering generalities, and records a distinct step 
forward and upward in heavy railway electrification. It is 
unique in that it sets forth, not only facts, but actual figures 
on operating results, for a road that made the change from 
steam to electricity solely in order to obtain increased capacity 
and greater economy in operation. Most, if not all, of the heavy 
electrification has been done for the purpose of overcoming an 
operating condition for which steam was unsuited, such as the 
New York terminal electrifications, the work of the Great North- 
ern at the Cascade Tunnel, etc. It must therefore be peculiarly 
gratifying to the management and its engineers that the econo- 
mies resulting from the change were so quickly and positively 
established. 

It would, no doubt, take some time to properly correlate and 
digest the many figures that Mr. Cox has presented; what 
little I have to contribute to the discussion will therefore be 
in the nature of a comparison with some of the results obtained 
on the Portland, Eugene & Eastern Railway, operating at 1500 
volts over some 105 miles of single-track road, exclusive of sid- 
ings. All passenger movements are electric, freight being still 
handled by steam, the speeds in passenger service exceeding 
50 miles per hour. 

It appears that 90 per cent of the B. A. & P. train mileage is 
made in freight service at the comparatively low speed of 16 
to 17 miles per.hour, while all of our passenger service is at 
much higher speeds. Both roads use the US-122-E. type of 
pantograph, having a five-inch diameter roller,as a current 
collector, the B. A. & P.’s problem being to pick up large currents 
at low speeds and the P. E. & E.’s smaller currents at high speeds. 

We make approximately 45,000 train miles, or 120,000 motor 
car miles, per month. Each motor car uses its pantograph, 
there being no power bus on our equipments. I was therefore 
interestedin Mr. Cox’sstatement as to the average life of collectors 
being 10,000 to 12,000 miles. We have also found it necessary 
to equip our collectors with a roller type of bearing, discarding 
the graphite bushings originally furnished. Since that time 
we have made well over 20,000 miles each on enough collectors to 
convince us that 50,000 miles should be the average collector life 
under our conditions, where each motor car takes from 100 to 
150 amperes. It no doubt is reasonable to assume that the 
smaller mileage made by the B. A. & P. rollers is in part due to 
the heavier currents they must collect; although the lower 
speeds made by 90 per cent of their rollers should, to my mind, 
somewhat offset this latter condition. 

The whole subject of current collection, in small or large 


quantities at high or low speeds respectively, presents a very 
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interesting problem, the solution for which, at least in this 
country, is yet to be found. 

I noted that equipment trouble on the 2400-volt locomotives 
was negligible. We have also- had practical freedom from 
serious troubles; in one or two instances arcs from the circuit 
breakers have jumped to ground, due entirely to the method 
of venting the gases engendered by the breaking of the current. 
I ask Mr. Cox whether the B. A. & P. has had any similar ex- 
periences in the breaking of high-voltage arcs. 

C. P. Kahler: I note that a comparison has been made 
between the electric and steam operation costs of the Butte, 
Anaconda & Pacific Railroad, and that a 20 per cent earning 
on the investment for electrification is shown, based on the first 
six months’ records of the operating expenses. I would hardly 
‘think that a comparison based on six months’ records would 
give a correct idea of the relative costs of electric and steam 
operation of this railroad. For instance, take the item of 
locomotive repair costs, which are usually divided into two 
parts, light running repairs and shop or heavy repairs. Six 
months’ service with electric locomotives would give very little, 
if anything, on the shop or heavy locomotive repairs, and 
consequently I would judge that the electric locomotive repair 
expense for the first six months would necessarily be consider- 
ably less than will be the case after the locomotives have been 
in operation several years and sent through the shops once or 
twice. I have noticed that the repair costs of steam locomo- 
tives usually start out at a very low figure per locomotive-mile, 
and gradually increase, as the locomotive gets older, until the 
cost per locomotive-mile will quite often reach several times 
the cost when the locomotive first began operating. Conse- 
quently I would hardly think it proper or fair to the steam 
locomotive operation to compare the first six months’ expenses 
of the new electric locomotive operation against the cost of 
maintaining a few old steam locomotives. 

The steam locomotives used in operating the Butte, Ana- 
conda & Pacific were not very large when compared with the 
size of the steam locomotives used on many other railroads, 
and it would be interesting to know what saving would have 
been made by replacing the old steam locomotives of the B. 
A. & P. with new and larger steam locomotives, and also what 
would be the saving by electric operation as compared with 
steam operation, using large steam locomotives. , 

For some time past I have been of the opinion that the 
greatest saving which would result from electric operation of 
steam railroads would be from the reduction in the steam train 
service, and the data given in Mr. Cox’s paper tend to confirm 
this opinion, for by electric operation three crews are now haul- 
ing the same tonnage as four crews did with steam locomotives, 
a reduction of about 25 per cent in the train service. As the 
train crew expense on most roads is usually somewhat near 
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20 per cent of the total operating cost of the railroad, a reduc- 
tion of 25 per cent in this expense by electric operation would 
mean that the total expense of steam operation would be re- 
duced about 5 per cent on account of the reduction in train 
service alone. Additional saving would, of course, be made 
on account of the lower cost of locomotive repairs, less engine 
house expense, and other detailed costs which would result 
by electric operation. 

I note that electric locomotives with four axles, having a 
combined weight of 80 tons, are used on the B. A. & P. R.R., 
and that two of these four-axle units are rated as one locomotive 
of 160 tons. I judge that units of this weight were selected 
in order to allow one pantograph per unit for collecting current. 
However, it would appear to me better, in determining the weight 
of an electric locomotive, to work from the other end. In other 
words, to determine the maximum weight which your track 
would support, and make the axle loads of the electric loco- 
motive correspond to this. For instance, the Union Pacific 
system allows a maximum weight on locomotive drivers of 
55,000 pounds, which would make a four-unit locomotive, 
similar to the B. A. & P. electric locomotives, weigh 110 tons 
on the drivers, a fairly large size locomotive. The Pennsylvania, 
I believe, allows as high as 65,000 pounds on each driver, which 
would make the total weight of a four-driving-axle locomotive 
equal to 1380 tons on the drivers. This would be nearer my 
idea of a locomotive which would be best fitted for the freight 
service. This would also make the use of the tractor auxilary 
referred to, unnecessary. 

In conclusion, I would say that while I do not consider the 
results as absolutely conclusive, the paper is very valuable in 
that it bears out many claims made as to the advantages and 
lower economy which would result from electrically operating 
steam railroads. Further, the fact that the B. A. & P.R. R. 
is simply a short line would not be an especially favorable con- 
dition for expenditures in electric traction work, and the favor- 
able showing which is evidenced by the data given in Mr. 
Cox’s paper would probably be very much better if applied to 
an engine district of about 150 miles in length, and under such 
conditions I believe that the earnings which would be made 
on the investment for electrification work would in many cases 
exceed the 20 per cent which Mr. Cox claims as the earnings on the 
investment from the electric traction work of the Butte, Ana- 
conda & Pacific Railroad. 

J. C. Ralston: The author designates the engineman, the 
man who drives the locomotive, as a locomotive engineer, and 
again he speaks of him specifically as an engineer, I think. 
Now, 90 per cent of engineers are responsible for an incorrect 
use of that word. I feel this: that if the four premier engineer- 
ing societies, namely, the electrical, civil, mechanical, and min- 
ing, would all take up this question and use the proper word, 
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we would not be confused as we are by reading in the papers 
of the hoisting engineers’ society and the various societies 1n 
domestic lines. I hope that the engineers themselves will 
follow the correct terminology and then the public will later 
follow our lead. 

A. A. Miller: I ask Mr. Cox to give us a little more descrip- 
tion of those tractors; do they have cabs? 

W. K. Stacy: I wish to inquire regarding the life of the 
trolley wire when using the roller collector. I have had ex- 
perience with the sliding collector and under certain conditions 
the wear on the trolley wire was excessive. This was partic- 
ularly apparent with rigid hangers at the ends of line circuit 
breakers. What style of trolley wire suspension is used on 
ene B., Bote Pe 

Paul Lebenbaum: After the line had been in operation for 
about five months, the trolley wire was carefully calipered to 
determine whether there had been any wear, especially at what 
might be called hard spots in the line. No measurement taken 
showed a variation from the true diameter of the wire greater 
than the 2 per cent variation allowed the manufacturer under 
our specifications. 

J. B. Cox: Referring to the remarks relative to the steel 
rollers used for the collection of current on the pantographs, 
these collect 600 amperes at from 16 to 20 mi. per hr. quite 
satisfactorily. It would be rather difficult to compare the life 
of the rollers used on the Butte, Anaconda & Pacific locomotives 
with similar rollers on ordinary interurban cars where they are 
required to collect a much smaller current and at somewhat 
higher speeds. The heavier currents required in the operation 
of the locomotives would undoubtedly account for the much 
shorter life in this case. The 10,000 to 12,000 miles being ob- 
tained from the rollers on the locomotives is equally as great as 
was expected of them when it was decided to install this type 
of collector. 

As compared with the slider type of collector, the roller is 
considerably heavier and somewhat more complicated, but on 
account of its longer life and less wear on the trolley wire in the 
heavier class of service it has been considered more desirable 
for the collection of heavy currents. It is generally admitted 
that the slider is more simple and if it can be perfected so as 
to collect an equal amount of current with even half the life in 
mileage obtained from the roller and with equal wear on the 
trolley it will usually be preferable and would no doubt prove 
more economical both as regards first cost and maintenance. 
Considerable progress is being made in the development of a 
sliding pantograph in the above respects and I am of the opinion 
that their use will become more general. I have recently seen 
up to 3000 amperes collected without sparking by a single 
pantograph with a double sliding collector. This was on the 


occasion of test running, which gave most promising indications 
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of practical success, but actual service under general operating 
conditions will be necessary to perfect these sliders in every 
detail. Personally, I have no doubt but that either type of 
collector can be made to operate quite successfully under almost 
any practical conditions. 

As to the number of linemen employed in the maintenance of 
the distributing system, I have given the exact number regularly 
retained on the pay rolls of the company. The amount stated 
as being the cost of maintenance of the distributing system was 
based on the rate of the monthly charges for the six months for 
which the operating costs are given and cover all items charge- 
able to this account, which are principally for material, labor 
and work-train service. These costs are at the rate of approxi- 
mately $125.00 per mile per year and are about what is expected 
to be the average cost for at least the normal life of the wooden 
poles, which is expected to average in this locality from twelve 
to fifteen years. 

In reference to the wear on the trolley wire, this is so small 
to date that any statement as to actual measurements would 
be of small value, since the allowable variation in the diameter 
of the new wire might easily make such figures misleading unless 
careful measurements had been made and recorded before the 
electrical service was started. This wear will usually be notice- 
able first at hard spots in the line where there are pull-offs or 
rigid hangers. The construction of this line was designed with 
a special view to flexibility, so as to facilitate the operation of 
the roller collector as well as to reduce the wear on the trolley, 
and undoubtedly it is the most flexible construction of the kind 
in this country at the present time. 

Relative to the suggestion that the first six months of elec- 
trical operation is too short a time on which to base definite 
comparisons, I have not stated that such is to be done, but I 
have given actual figures from official records accompanied by 
an explanation of the principal conditions under which the 
results were obtained. 

The last six months’ full steam operation has been compared 
with the first six months’ full electrical Operation and it just so 
happens that the changing-over period lasted six months, making 
the comparison for the same months of consecutive years. 
The systems of accounts were kept identical so that results would 
be directly comparable; the same men have taken care of the 
maintenance and done the operating in each case and very much 
in the regular way, making only such changes as were naturally 
suggested from the use of the new motive power, and the entire 
change has been made so gradually that I doubt very much 
if there has heretofore been such favorable opportunity for 
obtaining operating costs where so direct a comparison between 
steam and electric locomotives could be made. 

In the first place the conditions for segregating the costs have 
seldom been so favorable, and secondly, operating companies 
that would give out such full information have been exceptional. 
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Precisely the same conditions might not be met on another 
road, hence exactly similar results would not be expected. The 
extent of the usefulness of these figures in forecasting results 
of proposed electrifications depends upon our ability to properly 
adjust them to apply to any other particular case. It has been 
suggested that the cost of repairs to the electric locomotive 
for the period considered is less than it will be in the future and 
that for this reason the comparison of these items might not 
be representative, it being unfair to compare the cost of repairs 
of new electric locomotives with that of steam locomotives which 
have been in service a number of years. While this is not an 
unnatural inference, in practise I have not usually found it to 
be true and in this particular instance I feel confident that the 
cost of maintenance of the electric locomotives given in Table VI, 
which includes the charge for depreciation, will be less in the 
future than it has averaged for the six months in question. 
The reasons on which this expectation is based are, first: that 
of the total cost per locomotive mile, amounting to 7.47 cents, 
2.46 cents is for depreciation, leaving 5.01 cents as the cost per 
mile for actual repairs as the term is generally applied. This 
is fairly high under ordinary conditions but not unreasonably 
so here under the special circumstances, as it included the cost 
of considerable experimenting with pantograph rollers and 
minor improvements to the equipment in adapting them to 
the special conditions required by the service; so that on the 
whole about as much work has been done on the locomotives 
during these six months as will be averaged at any time in the 
future and the decrease in the rate of depreciation on the basis 
that it is being determined will more than take care of any prob- 
able increase in actual repairs. 

Secondly, the old steam organization was retained as far as 
required for the maintenance of the electrical equipment. Lt 
would be unreasonable to expect that they will not improve in 
efficiency as they become more familiar with the new equipments, 
and the shop facilities will be gradually improved also, resulting 
in reducing the cost of repairs on the electric locomotives. 

Taking all these circumstances, with which I am familiar, 
into consideration, I shall be very much disappointed if the 
cost of maintenance of the electric locomotives per mile operated 
does not show a gradual decrease during the next few years. 
I have had considerable experience in connection with the initial 
operation of electric locomotives and their maintenance during 
the first two or three years in service, and this experience has 
led me to the conclusion that the cost of maintenance of an 
entirely new type of equipment in the hands of an old steam 
organization will usually be equally as high the first year as 
the average cost for a number of years after. This 1s partic- 
ularly the case where dual equipment is operated and where 
the costs of minor developments and adaptations are taken care 
of and charged to the maintenance department. When utiliz- 
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ing the old organization under such conditions, it is a mistake 
not to begin a regular system of general inspection and repairs 
at the very beginning so as to get the men as familar with the 
new apparatus as possible, so that when these repairs are ac- 
tually necessary they will not only have a definite idea of the 
work ahead of them but will also be provided with the necessary 
tools so that they can do the work with the same efficiency as 
in the case of the steam locomotives. On the whole I have 
found it more easy to break in old steam organizations to 
operate and take care of electric locomotives than to adapt 
electrical men to the work who had not had previous steam 
railway experience. 

It might be of interest to state here that at the end of a year’s 
service a general shop inspection and overhaul of the electrical 
locomotive was begun with this object in view. The trucks 
were taken out from under the cab, the motors taken off, the 
armatures taken out and every thing gone over as thoroughly 
as possible, including the turning of tires and rebabbitting of 
armature bearings. ‘ 

This was done corresponding to similar annual general over- 
haul of a steam locomotive. The electric locomotive was in 
the shop one week, whereas four weeks were required on an 
average for the steam locomotives for a similar overhaul, and 
the costs in each case were about proportional to the time the loco- 
motives were in the shops; that is, the electric locomotive cost 
was about one-quarter that of its steam predecessor. The 
tires on the drivers of the electric locomotive will average some- 
what more than double the mileage between turnings obtained 
from those under the steam locomotive. 

The many sharp curves on the entire system result in rapid 
wear of the flanges. 

While I have had little actual experience in connection with 
the maintenance of new steam locomotives, I have often had 
occasion to investigate the costs of repairs to steam locomotives. 
My impression is that on the first installation of a new type of 
steam locomotive on any road the adaptation and develop- 
ment charges during the first year are apt to make up for 
the smaller number of general repairs that are required 
during the first year, much the same as in the case of the elec- 
tric locomotives. As an instance I will cite the case of a number 
of large Mallet engines, the cost of repairs for which was 20.46 
cents per mile for the first six months, whereas the average cost 
during the first four years of their service was 23.34 cents. 
The cost for the second year was greatest while that for the 
third year was least. I do not believe this is exceptional. 
In the case of electric locomotives I have in mind a record in 
which the cost of repairs the first year was 6.7 cents per loco- 
motive mile and for the fifth year 4.1 cent, the average for the 
five years being 4.85 cents; and another where the cost for the 
first six months was 5.45 cents per mile and the average cost 
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for the fourth year was 4.98 cents. Both these instances were 
steam road electrifications with new 600-volt equipment. As 
a matter of fact most of the records I have seen are of a similar 
nature, and it is these facts coupled with actual experience 
that are responsible for my opinion on the subject. 

It would be only natural to expect that the cost of mainten- 
ance on steam locomotives, during the last six months they were 
expected to be used, before being replaced by electric locomotives, 
would be somewhat neglected, and hence the costs per loco- 
motive mile would be less than the average. However, I in- 
vestigated the records over a considerable period of steam 
operation and found no very great variation on account of this, 
but that the figures for the six months quoted were fairly 
representative. 

In this connection it may be stated that the Butte, Anaconda 
& Pacific Railway has always kept its locomotives in an un- 
usually good state of repair and that the prices paid for all 
classes of labor are perhaps higher than is paid anywhere else 
in this country. The fact that the cost of labor is high is not 
altogether favorable to the electrification, inasmuch as it, greatly 
increased the first cost, but insofar as the operation of trans- 
portation and maintenance of locomotives is concerned, it is 
more favorable, since the number of employees is generally 
reduced to some extent and the overtime is apt to be consider- 
ably less. 

Referring to the suggestion that the electric locomotive units 
should have been larger, this subject was very carefully con- 
sidered before the design of the locomotive was begun and 
after an investigation of all the conditions and the general re- 
quirements of the work it was agreed that a unit approximating 
80 tons on the drivers would give best general results and that 
no advantage offered by a heavier unit for any part of the service 
would offset the disadvantages of a mixed type of equipment. 
Electric units weighing 100 tons are quite common, and the 
three-phase electric units which have now been in operation on 
the Great Northern Railway for five years weigh 115 tons each, 
all of which is on four axles, so that ordinarily there should be 
no difficulty in providing as heavy a unit as conditions might 
require. In the case of a mountain division on a transcon- 
tinental line it is usually desirable to use as heavy units as the 
draft gear of the rolling stock will permit. In the case of the 
B., A. & P. Railway the conditions were not considered generally 
favorable for the use of larger units. Longer trains than could 
be handled by a double 80-ton unit locomotive would have re- 
quired the lengthening of yards, sidings and passing tracks. 
Heavier units in this case would also have increased the peak 
loads on the substations and lowered the load factor. The 
draft gear on the ore cars and many other local conditions had 
to be considered in this connection, the general result of which 


led to the adoption of the present unit. 
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Referring to the burning out of contactors, due to dust or 
irregularity in following the proper sequence of operation, there 
have been no instances of serious trouble with contactors, from 
any causes, so far as I am aware. There have been instances 
of flashing over of insulators at the back of the contactors, which 
was thought to have been due to the accumulation of dust 
from the ore, which contains some copper. There is, naturally, 
a great deal of such dust, and the blowers located in the cabs 
of the locomotive cause more of it to be drawn over the appara- 
tus than would be done otherwise. We had really expected 
much more trouble from this source than actually occurred. 
These arc-overs did not result in any serious damage. It was 
only on inspection that it was found the insulators had arced 
Over, as apparently the arcing had occurred when the contactors 
were opening the circuit so that the current was shut off before 
the arc did any thing more than burn off the dust, after which 
there was no further bother. 

In one or two instances where the main trolley contactors 
were involved, the main fuse was blown, but as far as I am aware 
no contactors have been damaged so as to cause any delay or 
to require immediate attention. In this particular control 
equipment the transition between series and parallel connec- 
tions, where troubles from improper sequence of coming in and 
out of contactors are most likely to occur, the contactors in- 
volved in the transfer are operated by means of a cam which 
insures a proper and uniform sequence and no troubles what- 
ever have been experienced from this source. 

During the first ten months of operation no contact tips had 
been changed on any of the contactors nor had any repairs to 
same been necessary. On the whole the contactors on the 
locomotives show less signs of arcing or burning than on an 
ordinary 600-volt locomotive in a similar service. 

The commutators of the main motors are in such splendid 
condition that during the visit of some German engineers to 
inspect the electrification about six months after the locomo- 
tives had been in operation, it was difficult to convince them 
that the commutators had not recently been turned. 

Relative to the term “engineers” as used when referring to 
the drivers of the electric locomotives, it is ‘in accord with 
steam road practise, as has been the intention all through. 
Steam operators will be equally interested with the electrical 
man in the results and the terms used and comparisons made 
throughout are meant to be equally clear to both. 

Table VI is made up to conform to the usual steam railway 
locomotive performance sheets and practically the same form 
was retained for the electric locomotives in order that the com- 
parisons relative to the performance of each might be as direct 
as possible. 

The passenger locomotive miles and the passenger train miles 
on the Butte, Anaconda & Pacific Railway are the same, as 
only a single unit is used to haul the passenger trains. 
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Referring to Table VI, it will be seen that the electric loco- 
motive miles made in passenger service for the six months con- 
sidered were 43,170, which is approximately, 12.5 per cent of 
the total miles operated by all electric locomotives for the period. 

The tractor trucks which are to be supplied with the new 
locomotives on order for the spotting and switching service 
will be arranged for coupling onto a standard locomotive unit 
much as an extra motor car is added to a multiple unit train, 
except that the electrical connections between the unit and the 
truck will be such as to connect the motors mounted on the 
latter in series with those on the former, instead of in multiple 
as in the case of the extra car in a multiple unit train. 

In other words, it will form a three-truck locomotive with 
six motors, arranged for all six to be operated in series on the 
usual series points of the controller and with a series-multiple 
connection consisting of two circuits of three motors each on 
the usual parallel points. 

This plan was considered preferable to adopting a special 
three-truck locomotive since when the extra truck is detached 
the unit is interchangeable with all others, or any of the exist- 
ing units can be arranged for operation with the extra truck 


by the provision for the necessary electrical connectors. 
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APPLICATION OF ELECTRIC MOTORS TO GOLD 
DREDGES 


BY GIRARD B. ROSENBLATT 


ABSTRACT OF PAPER 


Electric power has been applied almost universally to the 
operation of gold dredges of late, owing to its convenience and 
to the fact that hydroelectric power is available at very reason- 
able rates throughout the western states where gold dredging 
is carried on. There are a number of different motor applica- 
tions on the elevator type of gold dredge, which is the type most 
generally used, and the author considers very fully the re- 
quirements of the various drives and the characteristics of the 
motors suited to the various operations of these dredges. Al- 
ternating-current motors are generally used for these purposes 
and the type of control, which is of special importance, is con- 
sidered. The paper also gives some figures on the cost of opera- 
tion of dredges of different capacities. 


GOLD dredge is a piece of machinery designed to dig gold- 

bearing gravel, sand, or clay, and to treat the material 

so dug in such a way as to recover the gold contents. It, accord- 

ingly, consists essentially of two parts; one the digging part and 
the other the gold-saving part. 

From the point of view of the application of electric power 
the digging end is of particular interest as the mechanical re- 
quirements are severe and the speed control must be excep- 
tionally good. The gold-saving end does not differ very ma- 
terially as to motor applications from those of the usual metal 
mining mills, except possibly that the equipment is exposed to a 
little more abuse and that compact methods of drive are neces- 
sitated. 

Electric power has been applied quite universally of late to 
the driving of gold dredges owing to its convenience and economy. 
Of the $88,400,000.00 worth of gold produced last year in the 
United States, nearly a fifth came from gold dredges, and in view 
of the fact that gold is being mined by means of dredges in prac- 
tically all of the Western States, in most of which localities hydro- 
electric central station power is available, a few remarks regard- 
ing the essential characteristics of successful motor drive may be 
of interest. 
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In designing electrical apparatus and applying it to gold 
dredging, the electrical engineer is often too prone to approach 
the problem from the point of view that the dredge should be 
designed particularly to permit of the most favorable applica- 
tion of electrical apparatus. A successful gold dredge is pri- 
marily designed to make money. Electric drive is merely an 
incident in the process, so that, while it is unquestionably often 
advantageous to modify the ordinary dredge design so as better to 
accommodate it to the characteristics of the electric drive, never- 
theless the fact should not be lost sight of that the electric drive 
is simply an incident to effect economy and that other considera- 
tions are often of greater importance than the most advantageous 
installation of a particular type of motor in a particular manner. 

In considering how electric drive can help the dredge make 
money, the following factors enter into the total charge against 
Tne, electric plant: 

1. Interest on investment; which is affected by the first 
cost of any particular arrangement. 

2. Power charges; which are affected by the efficiency of the 
motors and the system of control. 

3. Maintenance charges; which are affected by the type of 
apparatus chosen. 

4. Delay charges; which may be very seriously affected by 
proper or improper application. 

As stated above, the gold-saving end of a dredge does not 
offer any particularly great problems in the application of 
electric drive. A motor is required to drive either a shaking or 
revolving screen which removes the coarse rock from the finer 
gold-bearing sands and gravel. This motor may be either 
geared or belted to the screen. Gearing is preferable on account 
of its saving in space, but belt drive is preferable as far as the 
motor is concerned, on account of the damping effect upon the 
vibration incident to the screening operations. Squirrel-cage 
motors are generally used for this purpose and are entirely 
successful, but some designers advocate motors with phase- 
wound secondaries in order to reduce the strain at starting. 
The writer is inclined to favor the squirrel-cage motor on 
account of its freedom from details which may increase the 
maintenance charge. 

All of the gravel and sand which passes through the screen 
must be washed in order to obtain the gold out of it, and for this 
purpose a very considerable volume of water must be pumped 
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on the bridge. Centrifugal pumps are usually used on account 
of the low head and large volume to be handled, and these are 
best driven by direct-connected squirrel cage motors. Apart 
from those features which tend to reduce the maintenance 
charge, such as adequate insulation, adequate air gap, and ade- 
quate bearings, the efficiency of these pump motors deserves 
consideration, as the amount of the total power used by the 
dredge used for pumping is very considerable, usually as high 
as 40 per cent, and sometimes higher. 

The tailings, or refuse matter that is sorted out by the screen, 
must be removed to some distance from the hull of the dredge 
so that it will not pile wp under the hull and strand the dredge. 
Two methods of taking care of this matter are in use. One, 
the less common, is to pass the waste down a chute, helping its 
progress with a stream of water. The other and by far the more 
common method is to employ a belt conveyer running out of the 
back end of the dredge for a distance of 90 ft. (27.4 m.) or more, 
which conveyer is commonly referred to in dredge practise as a 
“ stacker ’’. This stacker is motor-driven. The application 
is reasonably severe owing to the fact that the motor is usually 
at the far end of the stacker and, therefore, often exposed to the 
weather, and also due to the fact that when the stacker has been 
at rest, considerable torque is required to start it loaded. In 
cold climates, a stacker when at rest is often apt to freeze, due 
to the moisture contained in the waste being carried by it. 
Starting under these conditions is particularly arduous and in 
some places this trouble is overcome by putting the stacker in a 
continuous canvas tent like a tunnel and passing steam pipes 
from a little low-pressure heating boiler up inside this tent. This 
again makes life hard for the motor because moisture vaporized 
by the heat of the steam pipes rises to the far end of the stacker 
where the motor is located, and there often condenses on the 
motor whenever that machine is shut down and allowed to cool. 
Accordingly, a motor for stacker service should primarily be 
designed with adequate insulation to resist continued moisture, 
and in some cases drip guards have advantageously been placed 
over the ventilating openings inthe motor. Squirrel cage motors 
with heavy torque characteristics have been used successfully 
for stacker drive, but the general tendency is to use motors with 
phase-wound rotors in order to obtain a good starting torque. 
Here again is the question whether complications of a phase- 
wound motor are justifiable, and in the writer’s opinion it is 
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probably preferable to use a squirrel cage motor designed for 
good torque characteristics, with possibly a trifle more resistance 
in the secondary circuit than is found in standard squirrel cage 
induction motors. <A stacker motor is comparatively small as 
compared with the total motor installation on the dredge, and a 
slight loss in efficiency on such a small unit is more than offset 
by a saving in maintenance. 

The application of electric power to that portion of the mech- 
anism used for digging is a much greater problem than any- 
thing met with in connection with the other applications on the 
dredge. 

There are three distinct types of gold dredges using entirely 
different digging mechanisms: (a) dipper dredges, (b) suction 
dredges, and (c) elevator dredges. 

(a) The dipper dredge uses a boom and scoop almost exactly 
like a steam shovel. It is now practically obsolete in the gold 
dredging industry because of its poor power economy and because 
the dipper is actually digging dirt during a very small portion 
of the time that it isin operation. In other words, too much time 
is lost in lifting the loaded dipper, dumping it, and returning it 
to the digging position. 

(b) The suction dredge is very similar to the ordinary dredges 
used in harbor and waterways excavations. Its digging end 
consists essentially of a large centrifugal pump suitable for hand- 
ling semi-solid material, and is driven by a direct-connected 
vary ng-speed induction motor. The suction dredge is applica- 
ble for gold mining only in those few localities where water is 
very abundant and where the gold is found in loose sand. Its ap- 
plication to the gold mining industry is so limited that its de- 
tails will not be discussed in this paper. It has the particular 
advantage, however, that its operation is continuous. 

(c) The elevator dredge is the most commonly used for gold 
mining. It is essentially a continuously operating dipper dredge, 
combining all of the advantages of the steam shovel with the con- 
tinuity of the suction dredge. A chain of scoops, or “‘ buckets ” 
as they are called, runs over a boom or “ladder,” as it is commonly 
termed. This boom or ladder is swung from a gallows frame or 
derrick, and by properly manipulating the cables that control 
it, the boom is held up against the bank to be dug, and the bucket 
chain driven by a motor, so that each bucket scoops up its fill 
of earth as it comes round the end of the boom and carries its 
load without interruption to the mouth of the screen described 
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above Fig. 1 shows the essential parts of an elevator gold 
dredge as described above. The illustrations on Plate CXIV 
show some typical elevator dredges and show very clearly the 
boom, the bucket chain, and the gallows frame from which it is 
suspended. 

Power is required at the digging end primarily for driving 
the bucket chain, but some power is also required for lifting and 
lowering the ladder and for operating the devices that pull or 
hold the dredge up against the bank so that the buckets will 
bite into their work. Ordinary winches similar to those often 
used.on sea-going vessels are used for these purposes. The duty 
of the motors is entirely akin to ordinary hoisting service and of 
very intermittent nature. An intermittent rated wound-rotor 
motor with high torque characteristics is successfully used. 
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Fic. 1—EssENTIAL MECHANISM OF AN ELEVATOR-TYPE GOLD DREDGE 


The drive of the bucket chain is the real problem on the dredge 
and no system that has ever yet been devised has proved it- 
self entirely free from all objections. For one thing, power re- 
quirements are at times very excessive and vary through a wide 
range. Accurate speed control is also essential. Good economy 
is of importance on account of the comparative size of the digging 
motor compared with the rest of the installation (in this con- 
nection it might be stated that the digging notor is usually from 
35 per cent to 45 per cent of the total motor capacity on the 
dredge). Greatest of all is the problem of adequate and success- 
ful mechanical connection between the motor itself and the 
bucket chain. 

The power requirements for driving the bucket chain under 
ordinary conditions may be calculated reasonably closely when 
the size of buckets, the number of buckets handled per minute, 
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and the type of ground to be dug, are taken into consideration. 
The following table gives some fairly typical test results: 


; Size of Buckets per Motor Average 
Place buckets minute rating h.p. input 
Cus ft. h. p: 

Oroville ys. . 44 Sige 5 18 75 (5 
Marysville aeasesee ue 7 20 150 140 
Marysville shies ie 74 19 200 155 
Sonrevin vane see 9 18 150 185 
Natomas cress tester 14 21 400 285 
BoOlsoml a n.cishre coves. 134 20 300 202 
Boston & Idaho ...... 15 Ae 300 285 (?) 
Conrey Bae eee a4 224 550 460 


N. B. All close-connected chains,—ordinary digging. 


However, should one of the buckets in a bucket chain en- 
counter a boulder of larger‘size than it can handle, the demand 
on the motor is immediately increased and may even cause the 
motor to pull out if no protective devices are provided. Also 
if the buckets run into particularly sticky clay in the course of 
their digging, the load on the motor may be very much increased, 
and as such a condition is seldom momentary, the continuity of 
the overload may burn out the motor unless the speed of digging 
is reduced. 

In addition to these requirements, during digging the motor 
drive must also be capable of revolving the bucket chain slowly 
at no load for the purpose of repairing the buckets, inspecting 
the chain, and similar work required for the purpose of me- 
chanical maintenance, 

The bucket chain is driven through a hexagonal spindle at the 
top of the ladder, over which spindle the buckets pass. Eachone 
of the flat sides of this spindle or ‘‘tumbler”’ as it is termed, 
engages with a corresponding flat side on the under side of the 
bucket, and the drive is accordingly a positive drive just lke any 
chain drive would be. If the tumbler turns, the bucket chain 
has got to move or break. It cannot slip. An adequate and 
successful method of transmitting power from the driving motor 
to the tumbler has been the source of considerable study by 
dredge designers the world over. The tumbler shaft usually 
carries two pinions, one on each side, which engage with two 
gear wheels carried on a common shaft. This shaft is connected 
through an adjustable slipping friction to another drive shaft 
by means of gearing, and the motor drives the last-named shaft. 
Tt may be either belted or geared to this shaft. Belting the 
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DREDGE WITH 17-cU. FT. BUCKETS. [ROSENBLATT] 
Chain is “‘close-connected”’, i.e. each link of the chainisa bucket. 500-h.p. digging motor 
and liquid rheostat control; cooling system for electrolyte is visible, dipping into pond at 
side of dredge. 


DREDGE WITH 12-cuU. FT. BUCKETS. [ROSENBLATT] 


This shows clearly the ladder and the bucket chain. The chain is of the type known as 
“‘open-connected”’, in that there is a link without a bucket between each two buckets. 


[ROSENBLATT] 
TypICAL SQUIRREL-CAGE Motor, WITH SpLASH-PROOF COVERS, FOR 
STACKER DRIVE. 
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‘motor is of course the easier on the e.ectricalgapparatus, but on 
the other hand has certain disadvantages. A very large and 
expensive belt is required on account of the tremendous torques 
involved. There are sometimes difficulties due to maintenance, 
because of the moisture that is often present on board a dredge. 
The belt sometimes slips just when maximum torque is wanted. 
Occasionally, under the heavy stress due to the slipping friction 
having rusted, a belt will break. Also a belt transmission for 
the transmission of the torques involved takes up considerable 
space, and space on a dredge is valuable. 

On the other hand, gearing, while economical in space and 
entirely positive in action, has the disadvantage that it imposes 
very Severe service on the electrical equipment, in that every 
strain and every vibration from the bucket chain finds its way 
back to the revolving part of the motor. Flexible couplings 
have been tried between the motor and the driving gear but with- 
out success. The large variations in torque met with, sooner or 
later ruin any type of flexible coupling that has as yet been tried. 
The gear drive has, however, proved entirely successful where a 
motor has been secured that will adequately withstand the 
stresses. Of the two methods, belt vs. gear drive, each has its 
ardent ‘devotees. 

From a consideration of the above, it will be seen that the 
motor required for digging service on an elevator dredge must 
have the following characteristics: 

(a) It must be varying-speed machine; and if in addition it 
can be made an adjustable-speed machine this would be a con- 
siderable advantage. 

(b) It must be capable of being revolved at light loads and 
very low speeds. 

(c) It must be capable of developing a maximum torque, at 
any speed from zero to approximately full load speed, of several 
times its normal rated torque. 

(d) It must be capable of carrying for prolonged periods 
of hard digging a torque overload of approximately 25 per cent 
at a speed reduction of probably 25 per cent. 

(e) It must be of substantial mechanical construction, par- 
ticularly as to shaft and bearings, in order to resist a very heavy 
belt pull when belt drive is used, or repeated shocks of severe 
gear thrusts when gear drive is used. 

(f) It must be reasonably efficient. 

In order to obtain all of the above characteristics, it has often 
been suggested that a direct-current motor of the type used in 
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steel mills, with possibly variable-voltage speed control, might 
prove advantageous for digging service on big gold dredges. 
However, every investigation that has been made (to the writer’s 
knowledge) of this matter has developed the fact that the losses in 
efficiency due to the conversion from alternating current to direct 
current practically offset the advantages gained by more flexible 
control under the ordinary cycle of operation, and further, the 
first cost of such an installation is prohibitive, considering the 
ordinary life of a dredging venture. In this connection it might 
be stated that while there are exceptions, the average dredge is 
about worn out at the end of ten years, and will then require 
either complete rebuilding and remodeling or will operate with 
so many shut-downs due to breakages and the like that re- 
building or scrapping will prove most economical. Accordingly 
any installation more expensive than ordinary must show a 
saving that will repay the extraordinary expense in 10 years, 
and this no combination of direct-current equipment has as yet 
been able to show. 

Accordingly the only type of motor left available is the moderate- 
speed wound-rotor induction type, and for the most successful 
application the motor should be designed with special reference 
to the work it has to do. 

From experience with the troubles of a dozen dredges, large 
and small, the writer would recommend specifications embody- 
ing the following: 

(1) The motor should be capable of carrying its rated load 
continuously with a rise not to exceed 40 deg. in any part. 

(2) The motor should be capable of developing a torque 
25 per cent in excess of its rated full load torque at a speed of 75 
per cent of its synchronous speed for a period of two hours with 
a rise not to exceed 55 deg. 

(3) The motor should have a maximum torque and a starting 
torque of not less than 2 1/2 times its full-load torque. 

(4) The shaft shall be of such material and dimensions that 
strains due to the developing of maximum torque shall not ap- 
preciably affect the dimensions of the air gap on any side of the 
motor. 

(5) The bearings shall be designed to resist an upward thrust, 
and shall preferably be of the design known as rolling-mill bear- 
ings, furnished with stud bolts and lock nuts instead of the usual 
design employing cap screws. 

(6) The lubrication of the bearings shall be adequate. On 
motors of 200 h.p. and over, at least two oil rings per motor 
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bearing are recommended. On motors of 500 h.p. and over, 
the use of gravity feed lubrication should be considered. 

The problem of control of large motors used for digging service 
on gold dredges would be more simple if direct-current motors 
could economically be used. As, however, their use is imprac- 
tical, the control for a-c. motors that most nearly approaches 
direct-current control is desirable. The control must permit 
reversing the direction of the motor, principally to permit the 
bucket line being backed away from obstructions. For service 
during the repair of the bucket line, small variations in speed 
should be obtainable, particularly at partial loads. A control 
permitting continued running at low-speed points is particularly 
necessary. 

For small motors on little dredges, say employing a digging 
motor of 100 h.p. or less, the ordinary drum-type controller 
proves adequate. For larger installations a combination of 
magnet switches controlled by a master controller has been used 
in a large number of installations, but for the larger motors the 
ideal control seems to be the liquid rheostat. 

Magnet-switch control has been used satisfactorily on a consid- 
erable number of dredges employing digging motors as large as 400 
h.p. The very large fleet of large dredges operated in California by 
the Natoma Consolidated mostly employ magnet-switch con- 
trol on dredges having digging motors of 300 h.p. and larger. 
It has, however, several distinct disadvantages for dredge ser- 
vice. The principal disadvantage is that only a limited num- 
ber of definite points is available with this type of control unless 
the number of magnet switches in the secondary circuit is made 
very large, which in turn makes the controller inordinately ex- 
pensive. Therefore, small variations in speed, particularly at 
light loads, are not available with this type of control, and in order 
to obtain slow movement of the bucket chain, it is customary 
to start the motor up and then plug it, with consequent strain on 
all mechanical parts, as well as wear on the control contacts. 
Further, this type of control does not allow the dredge operator 
to pick out any particular speed at which he desires to run. He 
can only pick a particular point on the controller and the cor- 
responding motor speed will depend on the torque being exerted 
by the motor. 

Another disadvantage of this type of control is the tremendous 
amount of resistance required for a large motor, as the resistance 
must be sufficient in amount to permit very low motor speeds at 
light loads, and large enough in capacity to permit continuous 
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operation at reduced speeds with heavy torques. This makes a 
very bulky resistance and unless the resistance is large enough 
there is considerable danger of the overheating of the grids 
starting a conflagration. 

The liquid rheostat for digging motor control has, on the other 
hand, none of the disadvantages of the magnetic switch control. 
There.are no definite steps, and the speed of the motor may be 
varied by infinite gradations. The operator simply moves the 
rheostat handle until he obtains the speed he desires. In other 
words, he does not work for any particular point on the rheostat, 
but works simply with the idea of getting the speed he wants. 
For large motors, the liquid rheostat and its accessories take up 
much less room than would a corresponding magnetic switch 
control and its attendant resistance, and there is never any 
danger of the electrolyte used (water and common washing soda) 
causing a conflagration. 

However, the liquid rheostat for use on dredges must be modi- 
fied from the forms commonly used for hoist service and the like 
on land. The first liquid rheostat installed on dredge service 
was on one of the Natoma dredges with a 400-h.p. motor, and 
while it was operative, it was not entirely satisfactory, because 
certain essential details of design and application were overlooked. 
A very similar liquid rheostat on which these details have been 
given due attention is now being used on one of the dredges of 
the Conrey Placer Mining Co., and has been entirely successful 
and satisfactory in operation with a 550-h.p. digging motor, 
which I believe is the largest digging motor on any elevator type 
gold dredge in operation today anywhere. ; 

In order to keep down the size of the liquid rheostat for this 
work, it is practically necessary to provide some means of ar- 
tificial cooling for the electrolyte. Usually this is accomplished 
by circulating cooling water through coils in the rheostat 
tank. On the Natoma rheostat the mistake was made of pump- 
ing water from the pond in which the dredge floats, through these 
cooling coils. Due to the operation of the dredge this pond 
water is usually pretty muddy, and often carries a large per- 
centage of solids in the shape of silt. At Natoma this silt 
coated the inside of the cooling pipes, thus reducing their effective- 
ness and eventually clogging them up, necessitating a shut-down 
while they were blown out with compressed air. Shut-downs on 
a dredge cost money, because to realize the greatest return on 
the investment, the dredge must be digging all the time. There- 
fore this eature made the Natoma rheostat undesirable. At the 
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Conrey Placer Mining Company’s property, the cooling system 
consists of a series of pipe coils immersed in the pond, and the 
electrolyte is pumped from the rheostat tank through the coils 
and back again, instead of pumping pond water up to the tank 
and through coils installed therein. There has never been a 
shut-down on the Conrey dredge due to the rheostat or its 
cooling system. The motion of the dredge in the pond is suffi- 
cient to keep silt from settling on the cooling coils. 

Another point that was overlooked on the Natoma instal- 
lation was the fact that dredges swing, and often rock consider- 
ably. This causes the electrolyte to splash out of the rheostat. 
Usually such loss by splashing was replaced by pouring in ad- 
ditional water, but this of course changed the density of the elec- 
trolyte and caused the operators some trouble. On the Conrey 
-‘rheostat baffle plates and enclosing covers were supplied, which 
effectually prevented any splash. 

Another trouble that was experienced at Natoma was that, 
due to deficiencies in the cooling system mentioned above, the 
electrolyte very often attained a very high temperature during 
hard work, which caused excessive evaporation. Under certain 
conditions this evaporation was so great that the annoyance 
and expense of bringing the amount of fresh replacing water 
required on to the dredge and filling the rheostat was considerable. 
This trouble has been obviated at the Conrey installation by 
having an adequate cooling system. 

All in all, it may be said that for large digging motors of say 
350 h.p. and up, the liquid rheostat makes an ideal method of 
control, provided the rheostat is of adequate mechanical con- 
struction for the service and is provided with a proper and suff- 
cient cooling system. Both liquid rheostat and magnet switch 
control may be arranged to give the same advantages as to 
protection against acceleration at too high a rate and against 
excessive overload due to sudden changes in speed. 

It will probably be gathered from the above remarks that the 
successful application of electrical apparatus to gold dredging 
operations depends on a multiplicity of details, each of which may 
be of comparatively minor importance in itself, and this is true. 
With the areas that are now still available for dredging, a multi- 
tude of small economies must be practised in order to make the 
process commercially successful. When it is considered that 
many dredges dig for about four to five cents per cu. yd. and that 
the gold contents of the ground often run as low as seven cents 
per cu. yd., it can readily be seen that a matter of one cent econ- 
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omy or waste may make or break the concern doing the dredging. 
Therefore maintenance deserves consideration. But most of all, 
freedom from shut-downs is of prime importance. The dredge 
cannot make any money while it is not digging; but, interest, not 
only on the money invested in the dredge, but on the money 
invested in the purchase price of the land that is being dredged, 
goes on just the same, and therefore shut-downs must be avoided 
at any reasonable cost, and this should be particularly borne in 
mind in the selection and application of the electrical apparatus 
and its control. 

A digging motor that may be of sufficient capacity, but cannot 
be adequately controlled, may break a bucket chain and put 
the dredge out of business for 24 hours. Ordinarily, dredge 
operators figure on operating 24 hours a day 365 days a year and 
a fair average is to expect the dredge to be actually performing 
its operations for 85 per cent of the total time. 

On account of the high load factor, and on account of the com- 
parative uniformity of a large percentage of the load, as well as 
on account of the comparatively large blocks in which the power is 
purchased, dredges make a particularly attractive load for hydro- 
electric central stations, and a few figures as to the power con- 
sumption of dredges may be of interest in this connection. 

Moderate-size dredges with buckets of about 5 to 7.5 cu. ft. 
capacity ‘will handle from 60,000 to 100,000 yards per month, 
at a power consumption from 1} to 12 kw-hr. per cu. yd. 

Larger dredges with buckets up to 15 cu. ft. capacity will dig 
from 125,000 to 250,000 cu. yd. per month, and will take from 
1 to 1 1/2 kw-hr. per cu. yd. 

The very large dredge of the Conrey Placer Mining Co. 
mentioned above, which has buckets of 17 cu. ft. capacity (I 
believe the largest in the world) has handled 520 cu. yd. of ma- 
terial per running hour. Including delays, this means 325,000 
cu. yd. per month. Handling material (heavier than usual) 
weighing 3000 Ib. per cu. yd., its power consumption was 1.28 
kw-hr. per cu. yd. 

The above figures are total power taken by the dredge for all 
purposes. The power taken by the digging motor is about 40 
per cent, on an all-day average, of the total power. From such 
test results as are ava‘lable, the power for digging seems about 
proportional to the yardage dug, 7.e@., the kilowatt-hours are 
proportional to the yardage handled times the number of hours 
during which it was dug. 
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DIscuSSION ON ‘‘ APPLICATION OF ELEcTRIc Motors To GOLp 
epee ” (ROSENBLATT), SPOKANE, WASH., SEPTEMBER 
1914 
, i 


Ford W. Harris: The problems so clearly defined by Mr. 
Rosenblatt are, in general, those that confront any engineer 
proposing to equip rough heavy-duty machinery with motors. 
As electrical engineers we are in duty bound to give electric 
power the benefit of every doubt when the expediency of a given 
installation is considered, but that the application of motors 
to dredges, shovels, and the like, is a hard problem must be 
understood at the outset. It is primarily a problem of apply- 
ing a constant speed, constant maximum torque motor, to a 
variable speed, variable torque load. More particularly it is the 
application of a constant torque driving means to a variable 
torque load. We have the problem of a widely variable load 
that must be economically handled regardless of the speed. 
The operator wishes to operate the major portion of the time 
at constant speed with a fairly uniform load. At times this load 
is enormously increased and at times he desires to greatly reduce 
the speed for repairs, etc. In general, as far as satisfactory op- 
eration is concerned, the enormous pulls occasionally needed 
may be and preferably should be exerted at alow speed, so that 
the actual power requirements may be fairly constant. 

Obviously what is needed is means for connecting the load 
and the motor in variable speed ratio, the problem being very 
similar to that solved by the change gears of an automobile. 
Obviously, also, no such mechanical means has been devised which 
will handle the very variable shocks and strains incident to 
transmitting 500 h.p. to such a load. 

The method by which Mr. Rosenblatt has solved the dredging 
problem is open to certain very obvious objections. Speed 
control by liquid rheostats involves at the outset large energy 
losses, the rheostat being primarily designed for such large losses. 
Motors having the mechanical and_ electrical characteristics 
outlined are expensive and heavy. It should be remembered 
that when a wound-rotor motor has its speed reduced by the in- 
sertion of external resistance there is no increase of torque but 
merely a decrease of speed. The power output of the motor 
is reduced with the speed. This is only a partial solution of the 
problem. 

I have personally figured many installations of large and 
small motors for hoists, shovels, and the like, and I believe that 
a serious mistake is made in applying a-c. motors to work of 
this kind. Particularly I think that the application of the 
a-c. motors of any kind to digging service on a dredge is poor 
engineering. Here you need a moderate torque at a high speed 
and a much larger torque at a correspondingly reduced speed. 
The larger companies have made many installations of a-c. 
motors for such service and made them stick, but it 1s sig- 
nificant that most large mine hoists are operated by d-c. motors, 
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through the Illgner system, and that our street cars still run 
largely with d-c. motors in spite of persistent efforts to enlarge 
the number of single-phase installations. It is further to be 
noted that the single-phase railway motor has series motor 
characteristics, and that few installations of induction-motor- 
driven railways have ever been seriously attempted in this 
country. If it is not feasible to operate a railway car, which 
is an approximately constant load at variable speed, with in- 
duction motors, how much more hopeless it is to operate a gold 
digger which requires large torques at times when the speed may 
be reduced to keep the power input fairly constant. 

To my mind there is no good way to drive such a load from a 
constant-torque motor. The load is one that requires series 
motor characteristics. If there were available single-phase 
series motors which could be bought at a reasonable price and 
maintained at a reasonable cost they might be used in this con- 
nection. Barring such motors the proper system would be 
the application of a double or quadruple equipment of series 
d-c. motors in combination with a d-c. generator—a-c. motor 
set. 

With such a multiple motor drive and proper series-parallel 
control it would be possible to operate on a variable torque 
basis and get fine results, the motors running four in multiple 
under normal conditions and being thrown in series for heavy 
pull-outs at low speeds. The power economy would be high and 
with proper cut-outs on each motor the reliability factor would 
be increased, as three motors could be used to operate in an 
emergency. While the first cost of the motor equipment would 
be high, the greater flexibility and reliability of the equipment 
would result in greater output at the dredge, which would soon 
Wipe out the additional investment. 

M. H. Gerry, Jr.: I am glad to Say a word on this paper 
because there is much of interest in connection with such a 
machine as a gold dredge. This paper is a further demonstration 
of the great flexibility of electrical power and the wide diversity 
of its application. I disagree with the statement made by some 
one in the discussion, that there is any difficult principle in- 
volved in this application of electrical power. The problem is 
to ascertain in advance, the actual conditions of operation, and 
in this respect it does not differ from electrical traction or the 
thousand and one other applications of electrical power. Once 
these conditions are fully understood, the difficulties very largely 
disappear and are then only those quite commonly met with 
in solving mechanical and electrical engineering problems. 
However, it requires much study and time to analyze a problem 
of this kind, and it is here that the skill of the engineer is required. 

It has been my good fortune to have some connection, in an 
engineering way, with the dredges which form the subject of 
Mr. Rosenblatt’s paper. I was familiar with the situation 
from the first, when the dredges then in operation were driven 
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by steam engines. These older dredges have all been rebuilt 
and are now operated by electrical power, but the dredge which 
forms the special subject of Mr. Rosenblatt’s paper, is a later 
installation and was designed originally for electrical operation. 
The problem at first presented was that of the general advisa- 
bility of applying elecrical power to the operation of dredges 
in this situation, and it was a question on which engineers 
differed. The ground was hard, there were many large boulders 
and the bedrock was at great depth. The steam dredges were 
experiencing much difficulty, and the power was insufficient for 
the work and there were constant breakdowns and delays. A 
very able engineer who was called into consultation, was of the 
opinion that the conditions were altogether too difficult to per- 
mit of operation by electrical motors. The ever-varying pull 
on the digging chain, the frequent obstructions met with in 
the way of boulders and other causes, tended to produce enor- 
mous strains and varying torque on the driving motor, and render 
questionable the successful operation by electrical power. Those 
who have seen a dredge of this kind operating in hard ground 
will appreciate how difficult the problem appeared at that time. 
One engineer observing the operations, used this expression, 
“ see it toil, see it toil; the inference being that the “ toil” 
was altogether too strenuous to be undertaken by an electrical 
drive. That, however, is now all history, and we know that for 
any dredging service, no matter how difficult, electrical motors 
properly designed are altogether suitable. The dredge is a 
comparatively simple machine; as here applied it is a combina- 
tion of elevator and excavator. At times there is very little 
actual digging, as the earth is loose and falls into the buckets. 
Under these conditions it is merely a question of elevating this 
earth to the surface. As the excavation reaches bedrock the 
conditions change; the material is hard and tough and must 
be torn apart with the expenditure of a considerable amount of 
energy. From my knowledge of conditions at Ruby and 
elsewhere, I would say that the dredge operations for the ma- 
chine described by Mr. Rosenblatt, are the most difficult in this 
country. This hard digging, the great size of the dredge and 
the depth from which the material was excavated, were the con- 
ditions surrounding the problem for this particular dredge. 
The bucket chain is a massive affair and it moves at a slow 
rate of speed. The pull on the bucket chain is constantly vary- 
ing, due to the ever-changing conditions of digging, and also 
to the further fact that the chain is driven from the top by a 
five-sided tumbler, resulting in a constantly varying driving 
radius. The motor torque is, therefore, ever changing and may 
vary widely during short intervals of time. 
Oneof the important conditions of dredge operations 1s to 
maintain maximum speed of the digging chain in the upper 
part of the excavation and to bein readiness to develop maximum 
pull on the chain, at somewhat lower speed, as soon as bedrock 
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is reached and the difficult ground encountered. It follows, 
therefore, that a considerable measure of speed control is ab- 
solutely necessary for successful operation in this situation. 
Many methods of obtaining this speed control have been sug- 
gested and applied, but the one described by Mr. Rosenblatt 
has proved eminently successful for conditions met in actual 
service. Some engineers have suggested a change to a direct- 
current drive, but I have never been able to obtain any better 
efficiency or improved performance for direct current, where 
the available source of power was alternating current, and the 
necessity existed, therefore, of using conversion apparatus. 
At the present time there is nothing better or more available 
for this service than an alternating-current motor having a wound 
secondary with a control rheostat capable of continuous opera- 
tion. 

Mr. Rosenblatt has well said-that for the best results it is nec- 
essary to keep these dredges in as continuous operation as pos- 
sible. When the records show that month in and month out 
the dredges have been in service 80 per cent of the total time, 
it is certainly a creditable performance. Such results as this 
prove that electrical power, when appled to dredge opera- 
tions, is a great success, and that the apparatus as described by 
Mr. Rosenblatt has materially contributed to this result. 

Some discussion has arisen in reference to the relative merits 
of a belt drive as compared with a direct gear drive for the main 
bucket chain of adredge. Thisisa question more of expediency 
and economy than of performance. It is not well to make the 
drive too rigid, and some means of providing for a little slip 
in case the buckets come up against a rigid obstruction, is very 
desirable. With a small or moderate-size dredge, this result 
can be obtained in a rather inexpensive way by using a belt 
drive from the motor and permitting the belt to slip if occasion 
should arise. On very large dredges, however, belts are too 
bulky and are very objectionable for mechanical reasons, and 
it is better to provide a gear drive with a form of mechanical 
slipping friction introduced at some point between the motor and 
the bucket chain. This slipping friction should be designed, 
not as an ordinary friction clutch, but as an actual slipping fric- 
tion. 

To return to the matter of control for the main digging motor, 
and referring especially to the liquid rheostat described by Mr. 
Rosenblatt, I would like to add that this has proved to be a 
most satisfactory piece of apparatus. For hours at a time 
the motor is operated at reduced speed and the heat developed 
in the rheostat is taken care of very nicely by the cooling coils. 
The regulation is excellent and the man operating the dredge 
has fine control over the bucket chain. For motors on small 
dredges, almost any kind of rheostat will work well, but for such 
an immense dredge as the one here described, I know of no 
better arrangement than the liquid rheostat. The arrangement 
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whereby the cooling coils are placed on the outside of the boatin | 
the dredge pond, is worthy of special attention. This device has 
obviated all the trouble with the circulation of muddy water 
through cooling coils immersed in the rheostat tank, and is one 
of the reasons for the success of this installation. 

In conclusion I would like to emphasize the thought which I 
first mentioned; that it is not at all difficult to apply electrical 
power or electrical methods to the operation of any machinery 
if the conditions be carefully analyzed in advance, and the 
anid use be made of methods and machinery now well under- 
stood. 

F. A. Ross: I am conscious that a mining engineer can take 
but small part in this discussion of Mr. Rosenblatt’s paper. 
The word “ mining” can scarcely be applied to gold-dredging 
since,as Mr. Gerry has said, dredging is but the elevation of 
gold-bearing gravels and a transfer of the same to another point; 
therefore, the design and operation of dredges comes within 
the province of the mechanical, electrical and, often, the hy- 
draulic engineer, rather than in that of the mining and metal- 
lurgical engineer. The latter is called into the question only at 
the beginning and at the end. Because of his training in est1- 
mating the value of mineral-bearing ground he does the drilling 
or sinks the test-pits and then he estimates the profits possible, 
or probable, from a handling of the greatest tonnage practicable. 

At this point he must turn for help to the mechanical engi- 
neering departments of the dredge-builders, where the data he 
submits govern the design of the dredge; and the mechanical 
engineer, himself, must apply to the electrical engineer for 
motor designs and for advice as to the general application of 
electricity to the needs of the case in hand. But the mining 
engineer must make no mistake as to the average character of 
the gravel to be worked nor may he fail to note the heaviest 
duty that the dredge must perform. Moreover, as a metal- 
lurgist he must specify the type of gold-saving apparatus to 
be used, but, once the machine is built and at work, he may 
safely step aside and leave its operation to the skilled dredge- 
crew that takes orders henceforth from the mechanical and 
electrical engineers. Electricity has so far superseded steam as 
a motive power in dredging that there are few steam dredges 
employed today in working gold-bearing gravels. 

As Mr. Gerry said, the latest gold-dredges are mechanical 
monsters, performing feats of strength and endurance that 
are almost unbelievable by those that see them for the first 
time; and they call for a refinement of theory and practise both 
in mechanical and in electrical design. The close-connected 
buckets must tear away at consolidated beds of boulder-gravel 
without pausing and must work out of sight, under water, 
at depths of 70 feet or more. Gravels differ greatly in character, 
some being composed of small, nearly uniform, boulders, while 
others contain boulders of all sizes, even up to a size that renders 


dredging impossible. 
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The greatest difficulty, then, lies not so much in the building 
of a machine strong enough to stand up to the duty imposed 
uponit, as in anaccurate determination of the total work to be 
done and the character of that work. Mr. Rosenblatt mentions 
a maximum capacity of about 250,000 cu. yd. per month for 
the largest gold dredges, but there is one up in Idaho Basin which, 
according to the statement of its general manager, made a record 
of 340,000 cu. yd. in one exceptionally good month. In this 
case, the gravel is small and uniform and the beds shallow. 

L. K. Armstrong: After what Mr. Ross has said I don’t think 
it will be necessary for me to say anything or to apologize for 
the little the mining engineer knows about gold dredges. 

I have in mind the early days when the electrical engineer was 
seeking a market for his current. Some of them conceived that 
they might apply it to the gold dredge business, and after a 
considerable time and many attempts they seem finally to have 
acquainted themselves so thoroughly with the business that the 
business has been practically turned over to them. 

I was trying to think, while one of the speakers was talking, 
about a meeting of the American Institute of Mining Engineers, 
when this particular subject was brought up and there was a 
lot of discussion on the question of whether or not electricity 
could ever be applied successfully to the operation of a gold 
dredge; the discussion was all in favor of the negative. Today 
from the information we have here, I find that gold dredging 
would be practically unsuccessful, and I am very certain that 
is sO in many cases, but for the application and practical de- 
velopments on the part of electric engineers and the application 
of electrical power. 

W. M. Shepard: In regard to the case of squirrel-cage vs. 
slip-ring motors for screen and stacker drive. All of the earlier 
California dredges were equipped with squirrel-cage motors and 
it is only on the larger dredges built in the last few years that 
slip-ring motors have been used. 

On large dredges the screen represents quite a heavy starting 
load, especially if it is started when full of wet clay and rocks, 
which very often happens. The screen is operated continuously 
when the dredge is in operation, so that the characteristics 
desired are good efficiency and high starting torque. 

On large dredges for deep digging, the stacker is very long 
and elevates the material to a considerable height; this is neces- 
sary to get the large amount of material handled out of the Way. 
On the Yuba Consolidated Goldfields dredge No. 14, which 
digs to a depth of 70 ft. below the water line, the stacker is 
137 ft. long. Starting a stacker of this kind, especially if it 
happens to be loaded, as is frequently the case, requires a high 
starting torque and it sometimes takes several minutes to bring 
it up to speed. 

Ifa stacker of this kind was operated by a squirrel cage motor 
of ordinary design it would require a larger motor than if the 
slip-ring type was used, on account of the lower starting torque. 
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A squirrel-cage motor with high-resistance rotor could be 
used which would give the required starting torque, but at the 
sacrifice of efficiency, and as these motors are large size, those 
on some of the larger dredges being 75 h.p., and operate at all 
times that the dredge is running, this loss in power even at a 
low rate would become quite an item. With some dredges 
where a considerable number of small boulders are handled 
over the stacker, the speed has to be reduced at times when a 
number of these are being handled, as, if the speed is too high, 
the boulders will not stick to the stacker belt and be carried 
over the top, but will roll down and cause considerable: trouble. 
A slip-ring motor with proper resistance would take care of a 
case of this kind when a squirrel-cage motor would prove un- 
satisfactory. 

The difference in maintenance cost between the slip-ring and 
the squirrel-cage motors used on these drives is shown on 
actual operation to be negligible; for the slip-ring motors oc- 
casional extra brushes are required, and for the squirrel cage, 
extra contacts for the starters. 

The drum-type controllers used with these motors give prac- 
tically no trouble as the service required of them is compara- 
tively light. 

Regarding Mr. Rosenblatt’s recommendations covering speci- 
fications for the digging motor: it seems to me that the introduc- 
tion of the special features which he recommends is confusing 
and not to the advantage of the purchaser. For instance, a 
motor designed to meet the standard heating guarantees adopted 
by all American motor manufacturers from the A. I. E. E. Rules 
would, in all probability, meet the specifications submitted by 
Mr. Rosenblatt and the use of standard specifications would 
be of advantage to both the purchaser and manufacturer. Fur- 
thermore, it is not usually necessary for the digging motor to 
run for considerable periods at reduced speeds. The rate of 
digging can be controlled either by changing the speed of the 
bucket line (varying the speed of the digging motor) or by 
varying the rate of feed, which is controlled by the swing winch. 

The dredge has side lines on either side connected to dead- 
men on the bank. The swing winch in connection with these 
lines swings the dredge back and forth across the face of the cut 
while the bucket line is in operation. The rate at which the 
dredge is swinging governs the feed of the buckets and so the 
amount of material moved and the load on the digging motor. 

It is much more efficient to allow the digging motor to operate 
at full speed with ail resistance cut out of the secondary and 
control the load by means of the swing winch motor (which is 
from 10 per cent to 15 per cent of the capacity of the digging 
motor), than to operate the digging motor at reduced speed with 
consequent losses in the secondary resistance. 

In regard to special bearings in the digging motor to resist 
upward thrusts, the large majority of gold dredges have the 
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digging motors belted, which requires no special features in the 
bearings. The larger motors are usually provided with three 
bearings. : 

Regarding those motors which are geared: the bearing thrust 
when digging should be downward; the only times when the 
bearing thrust should be upward would be when the bucket line 
. was being backed up, which would be only a very small fraction 
of the time it was going ahead, and when it was being backed up 
the load would be light, as there would be no digging. 

The point which I wish to bring out is that standard equip- 
ment, if properly applied, is well adapted to meet all conditions 
of dredge service. I have had to do with the electrical equipment 
of something over thirty gold dredges of bucket capacities ranging 
from 3 to 18.2 cu. ft. and digging depths of from 15 to 70 feet. 
These dredges operate in every character of ground and all use 
standard equipment. Among them are some of the most suc- 
cessful dredges yet constructed. The problem in electric drive 
is in proper application and not special equipment. 

Regarding the control of the digging motor, I believe that 
proper drum-type controllers are all that is required for motors 
up to 200 h.p. capacity. There are quite a number of digging 
motors of this size operating with drum controllers and they 
have proved entirely satisfactory. A number of them have 
been in operation over a period of years. The control is ade- 
quate and simple and the maintenance cost very low. 

Drum-type control has been employed on digging motors as 
large as 300 h.p., but in the writer’s opinion better service could 
be obtained with other types of control for motors above 200 
h.p. 

For larger motors magnetic control or properly designed 
liquid rheostats can be used. There are a number of magnetic 
control equipments in successful operation on digging motors of 
300 h.p. and 400 h.p. capacity, some of which have been in 
operation for two or three years. They have all proved satis- 
factory in operation and their maintenance cost has been low. 

While experience with liquid rheostats on board dredges is 
as yet very limited,and there are some difficulties to be overcome, 
there is no reason why, with proper design, their operation should 
not be successful. 

I cannot agree with Mr. Rosenblatt regarding the excessive 
amount of resistance required with magnetic control nor with 
his statement regarding the fire risk incident to the use of resis- 
tors. The digging motors are provided with standard heavy 
duty resistors good for continuous operation at a speed reduction 
of fifty per cent, and these have proved entirely adequate; and 
in no case that I have ever heard of has there been any question 
of fire risk from these grids and there need not be, if they are 
so located that the air can circulate freely about them. 

There have been a number of fires on dredges caused by elec- 
trical troubles; these, however, have nearly all been due to 
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faulty installations of oil switches. As a result of these fires 
the Board of Fire Underwriters of the Pacific made a thorough 
investigation and issued a set of rules on “‘ Standard Electrical 
and Fire Protection for Dredges.’”’ This set of rules is very 
thorough and in them no question is raised regarding the grids 
nor are special precautions required in their installation. 

Mr. Rosenblatt mentions the use of intermittent-rated motors 
for ladder hoist winch, and for raising the spuds or controlling 
the head lines, if these are used instead of spuds; if separate 
motors are used for these purposes the intermittent-rated motor 
would be all that is necessary. Asarule, however, separate motors 
are not provided for this service. The ladder hoist winch is 
usually operated from the digging motor and this arrangement 
provides so much power that the ladder is raised much more 
quickly. The control of the spuds or head-lines is usually taken 
care of by the swing winch motor. 

These operations are controlled by levers in the winch room. 
The swing winch is in operation all the time and an intermittent- 
rated motor is not suitable for this purpose. 

The power required from the digging motor depends on the 
size of buckets, speed of buckets, depth of digging and character 
of ground dug. The size of buckets varies from 23 to 18.2 cu. 
ft., the speed from 18 to 22 buckets per minute, the depth 
from 10 to 70 feet below the water-line, and the character of 
ground from loose gravel and sand to hard cemented gravel. 
The size and weight of a dredge does not depend simply on the 
size of the buckets, but is also governed by the depth of digging 
and character of ground. 

The largest and heaviest gold dredge yet constructed is, I 
I believe, one of the all-steel California dredges which has 16- 
cu. ft. buckets and digs to a depth of 70 ft. below the water 
line. This dredge has handled 325,000 cu. yd. in a running 
month of 30 days. I believe the highest record for material 
moved is at present held by the Boston and Idaho dredge, 
. which has buckets of 18.2 cu. ft. capacity and has a record of 
over 400,000 cu. yd. in one month. 

In point of size and power this dredge is not the equal of the 
large California dredge just mentioned, but has shallower 
ground and easier digging. 

A. A. Miller: I do not have anything in particular to add to 
the technical part of this discussion, but I know that a great deal 
of the work of this character, the use of electric power in gold 
dredging, is being carried on in the northern possession of our 
Canadian neighbors across the line, in the vicinity of Dawson, 
Yukon Territory, particularly; they have some of the largest 
gold dredges in the world, I believe, which are being used, par- 
ticularly by Mr. Boyle of the Boyle Concessions; they have built 
water power plants and transmission systems of their own for 
the purpose of furnishing these dredges with electric power. 
Unfortunately the site of operation is so far removed from us 
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that we cannot get}to them very frequently to know what they 
are doing, and the information apparently does not reach us. 
It would be interesting if we could get more detailed information 
from those particular dredges. 

I believe there will be also in the course of the next year 
or so considerable activity in the vicinity of Nome in this 
same sort of work. I was told by a mining engineer who is fam- 
iliar with conditions there that in the next two or three years 
there will be something like $5,000,000 taken out from a clearly 
defined area by dredging operations. 

C. B. Rosenblatt: I am going to make this discussion as 
brief as possible, but there are a few things that I can’t let go by. 
One of the gentlemen registered some objection to the use of 
alternating current. We all know that a direct-current motor 
would be an ideal drive. Nobody denies that; but the gentleman 
does not look at this matter from the dredging point of view, 
he looks at it purely from the electrical engineer’s standpoint, 
and that is one thing I particularly ask you gentlemen not to 
do when it comes to dredging. Direct current for dredges has 
been figured over and over again. I believe Mr. Gerry here went 
into that as carefully as any man possibly could when the 
Conrey Placer Mining Company decided to electrify. Engineers 
in California went into it carefully too. It can’t be figured out 
any way to show a monetary profit under conditions of power 
supply that obtain today—and remember the dredge is in busi- 
ness to make money. 

Mr. Shepard has a very good communication from San Fran- 
cisco. There is only one thing about it that demands comment 
and that is that it represents California practise as advocated by 
two manufacturing companies. Mr. Shepard’s remarks apply 
particularly to the type of dredge built by those two companies, 
which use certain motor drives that are arranged primarily for 
the use of standard motors, even for the digging motors. There 
is considerable question as to whether the drives used by these 
manufacturers are the best for a big dredge, but that is not 
a problem for the electrical engineer to discuss. Mr. Shepard 
mentions particularly the use of a wound-rotor motor drive for 
the stacker as compared with the squirrel cage motor. Thatisa 
matter on which I said I expected some criticism from California 
because they have generally come to use the wound-rotor motor 
for that work. But remember the California climate is particu- 
larly favorable. It is all right to take a slip-ring motor and 
stick it up on the end of the stacker if you have a favorable cli- 
mate and never get down below forty degrees above zero, but 
the conditions in Montana, Oregon, Wyoming and Alaska are 
different from that. Another thing Mr. Shepard does not take 
into account is the fact that the dredges with which he is con- 
cerned, have comparatively easy digging; while the Californians 
may not agree, I believe it is easier to dig the California gravel 
than it is the Northern clays, and Mr. Gerry brought that out 
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when he said that his own opinions and observations in this 
matter had been backed up by the observations of practical 
dredge men. 

There are good points about each kind of drive. Each may 
be particularly fitted for a particular installation. There is no 
panacea for this dredge work. I have tried to point out the con- 
siderations that apply most generally. We have to analyze each 
case by itself and find the underlying conditions that make the 
selection of particular apparatus most desirable, and while un- 
questionably, for Mr. Shepard’s own conditions, he has selected 
very excellent electric drives for those dredges in California, 
they will not necessarily work with best success everywhere 
in the world. 
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ECONOMY IN THE OPERATION OF 55,000-VOLT 
INSULATORS 


BY M. T. CRAWFORD 


ABSTRACT OF PAPER 


The author gives a brief outline of the operating experiences on 
three 55,000-volt lines, two of which have been in service 10 years 
and one 5 years. The quality of the more modern porcelain 
insulators is notably superior to those first installed on these 
lines. A device is described by means of which defective 
insulators can be readily detected in the very early stages of de- 
terioration, and by periodic use of this device and replacement of 
insulators, failures in service have been practically eliminated. 


alia. final measure of success in a transmission system 1s 
the cost of securing the desired performance therefrom. 

The failure of line insulators from breakage or electrical 
causes is a menace to service performance, and may be the 
cause of heavy maintenance expense if the failures are frequent 
and repairs must be made under emergency conditions. 

The problem of securing satisfactory and economical opera- 
tion from lines having gradually weakening insulators, has 
recently become an important one on some systems. 

This paper outlines briefly the operating experience on 
several of the older lines of the Puget Sound Traction, Light 
and Power Company system, and describes methods employed 
to secure satisfactory performance economically. 


GENERAL DATA 


Nominal voltage, 55,000; non-grounded neutral; 60-cycle, 
three-phase current. All pin type insulators are of the design 
shown in Fig. 1. 

Line A. Im service 10 years, from Electron generating 
station to Tacoma. Length, 31 miles (49.8 km.). Number 
of insulators, 4450. Poles, 40-ft. (12-m.), set on average spans 
of 125 ft. (38 m.). Wires spaced six ft. (1.8 m.). No. 4/0 B. & 
S. copper 21 miles (33.7 km.); No. 0 B. & S. copper 10 miles 
(16 km.). Insulators cemented on iron pins. Wooden pins 
screwed in insulators were used on a portion of this line when 
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first installed, but have nearly all been replaced at this date 
with iron pins. 

Line B. In service 10 years; from Electron generating sta- 
tion to Seattle. Length 47 miles (75.6 km.). Number of 
insulators 6850. Poles 40 ft. (12-m.), set on average spans of 
125 ft.(38m.). Wires spaced six ft. (1.8m.). No.4/0 B. &S. 
copper. Insulators cemented on iron pins. 

Line C. In service five years at 55,000 volts; from Snoqual- 
mie generating stations to Everett, Seattle and Tacoma. Length 
160 miles (257.4km.). Number of insulators 17,350, 4550 of 
which were in service at 30,000 volts for two years previous 


PLAN OF TOP 


cuacee jr 
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to the 55,000-volt service. Poles 35- to 55-ft. (10.6- to 16.7-m.), 
set on spans from 130 to 300 ft. (39.6 to 91.4 m.). Wires spaced 
seven and nine ft. (2.1 and 2.7 m.), and vary in size from No. 4 


B. & S. copper to No. 4/0 B. & S. aluminum. Insulators 
screwed on iron pins. 


OPERATING History 
Line A. The insulators originally installed on Line A were 
among the first of their kind and voltage to be made, and the 
art of high-voltage porcelain manufacture was not well under- 
stood at that date. Their appearance indicates that the clay 
was worked quite dry and that probably the mixture contained 
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a much lower percentage of china clay than is now used. Many 
samples show a lack of homogeneity in the ware and irregular- 
ities of surface, and firing cracks are visible under the glaze. 
The shells were given a moderate test at the factory and shipped 
to Tacoma, where they were cemented together and the assem- 
bled insulators subjected to a dry test of 120,000: volts. Dif- 
ficulties with the testing equipment made it necessary to put 
a portion of the insulators on the line without test. There 
were failures from time to time during the test, but as it was 
considered unusually severe, trouble was not anticipated. 

Electrical failures began to occur within a short time after 
installation, especially during line surges and in wet weather, 
and have continued from time to time to date. The larger 
shells crack radially and leakage over the smaller shells burns 
off crossarms. ‘These cracks stand open perceptibly, indica- 
ting that there were shrinkage strains in the ware. 

It has been necessary gradually to replace these insulators, 
until at this date 83 per cent of the original installation has 
been replaced. 

Line B. The insulators on this line were purchased and 
installed under the same conditions as Line A, but were made 
at a different factory. The appearance of these insulators 
indicates a much better grade of porcelain with a smoother 
surface, but some samples of them do not compare with the 
ware turned out of the factories today. Such of them as were 
tested showed a very small percentage of failures. For the 
first five years of operation, very little trouble was experienced 
with these insulators, but later on they began breaking down 
occasionally and recently they have given a good deal of trouble, 
failing several at a time during an arcing ground at another 
point on the system. A large number of these insulators were 
put on Line A to replace failures of the original insulators 
thereon, so that the total installation of the ware purchased 
for Line B is about 8200 insulators. Of these, the failures 
to date have totaled about 4 per cent, nearly half of which have 
been in the last year. These insulators do not usually have 
a large radial crack, but a small crack starts on the head or in 
the side groove and runs around on the top of the insulator. 
It seems that these cracks enlarge until a leakage current starts 
through the top two or three shells and discharges over the 
surface of the lower shell. The tendency of a brush discharge 
to pass in the positive direction more than the negative, has 
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a rectifying effect on the leakage current. This results in a 
partly unidirectional current from the bottom shell to the pin, 
and signs of electrolytic corrosion of the pin head in the cement 
have frequently been found. Once started, this will soon 
crack the entire insulator, as the high tensile stress put on the 
porcelain by this internal expansion will lower its dielectric 
strength. In many cases insulators have been found which 
were leaking noisily, and when the line was killed and an exam- © 
ination made, the insulator was found intact, although a number 
of cracks were visible. As soon as the tie wire was removed, 
however, the entire insulator fell apart. P 

Line C. The insulators on this line were made at several 
different factories and are of as fine a grade of porcelain as can 
be obtained today. A representative of the company at the 
factory tested each shell separately, and the assembled insu- 
lator, to 120,000 volts for five minutes. Every insulator was 
given this test and examined for physical defects, and stamped 
by the inspector if accepted. To date there have been only 
three failures, and it is possible that these were partially broken 
in some other way before failure. 

A large number of insulators have been installed on pole 
lines and steel tower lines built within the last few years on this 
system, which were tested as in Line C and screwed on iron 
pins, and there have been no failures. About 120 strain in- 
sulators, each consisting of three 10-in. (25.4-cm.) diameter 
link type disks with no cemented parts, have been in service 
at strain points for three years without trouble. 

The expense of replacing outright all the Line B insulators 
was prohibitive, and they formerly were replaced one by one 
when they got to the point where the leakage currents could 
be heard from the ground. This was not entirely satisfactory, 
however, as they were at an advanced stage of the deteriora- 
tion before this condition was reached, and frequently failed, 
causing an arcing ground that punctured other insulators, and 
a heavy charge against maintenance resulted on account of 
the emergency nature of the repair work. The first method 
tried was by using a megger, but no satisfactory results could 
be obtained unless the testing wire was over the leaking crack 
and this crack extended clear through to the pin. Each insu- 
lator had to be untied and the testing work was very expensive 
and laborious. After considerable experimenting a device 
was perfected to locate these insulators at an early stage of the 
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Fic. 2—SHowInG MeEtTHop oF UsING DEFECTIVE-INSULATOR 
DETECTING SET 


Hand pick consists of insulated tube with sharp pointed steel terminal on one end which 
is thrust into the pole or crossarm. A sharp steel pin forms the other terminal, which is 
driven into the ground or pole under the cross arm. A fuse and short-circuiting jack 
with plug on the receiver set may be inserted in the circuit if there is any probability of a 
considerable voltage to ground. 
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depreciating process, so that the work of replacing them could 
be done economically and before they broke down and damaged 
other insulators and interrupted service. This device is shown 
in Fig. 2 and consists of a pair of 2000-ohm wireless tele- 
graph receivers, fitted up for the convenience and safety of the 
inspector in testing. The hand pick is driven into the pole 
about seven feet from the ground, and the sharpened pin driven 
into the ground several feet away. The receiver set is con- 
nected between these two, and if all insulators are sound there 
is a clear audible hum of the same tone as the telephone line, 
due to the shunting of a part of the capacity current of the in- 
sulators on the pole top. If, however, one of them is leaking, 
a scratching noise is superimposed on the hum, which comes 
and goes as the neutral shifts to and from the wire on the de- 
fective insulator. The inspector then proceeds up the pole 
and tests between each insulator pin and the center of the 
Grossaraa, pand thus. locates’ the “defective “one. This device 
can be used in a similar manner on steel tower lines. Insulators 
can be found in this way which have only a very small crack 
started and which will not puncture on the test below 100,000 
volts.. Insulators with a crack clear around the head were 
taken off and tested, puncturing at from 60,000 to 65,000 
volts, but no sound was audible from them while on the line 
without the use »f the detecting set. One or two lower petti- 
coats were usually found intact, the leakage current passing 
over their surface during the test until the puncture point was 
reached. 

Field books are kept with the record of the last test, and 
data on each insulator on every pole in Lines A and B. With 
practise the inspector can single out defective insulators which 
are at an early stage of the depreciating process. These tests 
can be made while the lines are in service, at very slight addi- 
tional cost to the routine patrolling. Several hundred insulators 
can then be replaced at a convenient time and the work organ- 
ized so as to be done economically. By keeping at this work 
at regular intervals, failures in service can be practically elim- 
inated. 

It seems probable from the history of operation that the 
porcelain on Lines A and B was of lower dielectric strength 
originally than that on Line C, and that many of these insulators 
were therefore under an electric stress which was a large per- 
centage of their ultimate strength. Under these conditions 
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the poorer insulators soon failed, and the better ones gradually 
weakened, to fail later. The best’ insulators, however, as on 
Line C, are being operated at a potential which is a small per- 
centage of their ultimate strength and are showing no signs 
whatever of weakening or fatigue, although they have only 
been in service five years. The Line A and Line B insulators 
began to weaken in less time than this, and it seems that if any 
process of fatigue were under way, some signs of it would surely 
be in evidence among 17,350 insulators after five years’ service. 
Although the evidence is not conclusive, it seems probable to 
the writer that electrical fatigue of porcelain only occurs where 
the ware is operated under electrical or mechanical or com- 
bined stresses which are too close to its ultimate strength 
Insulators should be designed and individually tested to with- 
stand at least 2} times line voltage; and care should be taken 
that at high potentials, where unit insulators are in series, line 
voltage is taken as the actual portion of the total voltage which 
comes on each particular insulator in the string. Where the 
gradient is not uniform and .potential is concentrated -more 
on some units than on others, these units should be designed 
accordingly and tested as above. 

The use of cemented-in metal parts should be avoided in 
connection with porcelain insulators, thus eliminating any 
possible trouble due to electrolytic corrosion if leakage currents 
occur, or due to expansion and contraction strains of the dif- 
ferent substances. The use of screwed-on pin-type insulators 
decreases the cost of replacing, and while not quite as suitable 
for heavy side strains, the use of strain insulators is better 
practise for such points. 


a 
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DiscussION ON ‘‘ ECONOMY IN THE OPERATION OF 55,000-VOLT 
Pept ts (CRAWFORD), SPOKANE, WASH., SEPTEMBER 11, 
1914. 


J. Harisberger: What brought about the development of 
testing insulators as mentioned in the paper, was a severe storm 
in the Puget Sound district last winter, causing a number of 
breaks in our transmission line where it goes through heavily 
timbered country, these breaks causing arcing grounds and break- 
ing down insulators all over the system. We had been very 
proud of our record of uninterrupted service, and this trouble 
set me to thinking about aging of porcelain that has been so 
much discussed recently. I have been unwilling to admit to 
myself that there is such a thing as the aging of porcelain, and 
I do not believe it now. Last spring I made a trip down the 
Coast to visit operating companies that have been operating 
lines of 50,000 volts or over for some time, to get what informa- 
tion I could as to their experience. I visited eight companies 
and found but one man who was positive that porcelain de- 
teriorated and gradually lost its dielectric strength. I found 
that the experiences of most of the companies visited were 
quite similar to our own. The porcelain of some of the insulators 
in service five to six years, on close examination, showed a mott- 
led surface similar to that of Dedham china ware. On break- 
ing the insulator, discoloration of the cracks to a depth of one- 
quarter of an inch was occasionally found. There is no doubt 
that this condition cuts down the insulating quality of the 
porcelain and these insulators should be weeded out before they 
are broken down by some disturbance on the system. During 
my absence, Mr. Crawford developed the method as outlined 
in this paper for locating such insulators. I believe that every- 
one having had experience in the operating of high-voltage 
transmission lines will agree with me that high-frequency dis- 
turbances such as are caused by arcing grounds, etc., are most 
to be dreaded. While in California, I spent half a day with 
Professor Ryan, of Stanford University, who showed me a 
practical demonstration as to what high-frequency currents 
will do. An insulator that would show practically no distress 
at 150,000 volts at 60 cycles, would be punctured in a few sec- 
onds when subjected to over 100,000 cycles and not over 25,000 
volts. 

It is quite noticeable on our system that the majority of 
failures are insulators cemented to iron pins. Over seven years 
ago I objected to cementing insulators to pins and designed a 
pin with a flexible top for screwing on 60,000-volt insulators. 
I was much criticised and was told that I would get into trouble 
on account of the metal expanding and breaking the insulator. 
We have some 20,000 insulators in service of this type of con- 
struction, and I have yet to hear of a failure on account of this 


type of pin. 
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M. H. Gerry, Jr.: The design of high-tension line insulators 
is now pretty well understood, but, of course, it is still a question 
of effective material and proper distribution. The most im- 
portant of all is the distribution of electrical stress. This 
has been discussed many times in the Institute PRocEEDINGS. 

V.H. Greisser: The principal thing in this paper of interest 
to me is the fact that the telephones can be used for delicate 
practical tests, and we are very fortunate indeed to be able to 
secure some such instrument that is sensitive enough to test 
insulators. Practically the only instrument of any use on high- 
tension work previous to this, has been the oscillograph, and 
that has not been sensitive enough to be very useful in testing 
porcelain insulators. 

A. A. Miller: I take it for granted that Mr. Greisser’s last 
remark that the oscillograph does not afford the proper means 
of testing insulators referred to the work which Dr. Ryan has 
been performing in California, where he has used very high 
frequencies, away beyond the natural periodicity of the oscillo- 
graph, and found that it was very easy to puncture porcelain 
insulators by using such frequencies. He has a laboratory in 
which he very effectively demonstrates the ease with which 
porcelain is punctured by means of these very high frequencies, 
boring holes right through an insulator. Professor Ryan’s 
investigations I think will throw a great deal of light on that. 

H.R. Noack: There has been a great deal of discussion upon 
the subject of aging of porcelain. I think there is some mis- 
conception of the meaning of the term “aging.” As I under- 
stand it, aging applies particularly to a molecular change in 
the porcelain itself. Porcelain is a very inert matter and, so 
far as any studies which I have been able to make on the subject 
are concerned, there has never been noticed any molecular 
change within the porcelain itself. The effects commonly con- 
sidered as aging, I am satisfied, have nothing to do with molec- 
ular changes, but are generally due to external influences. 
For example: porcelain insulators as used today are generally 
in combination with other materials, such as cement and steel 
or iron, and some of the changes noted under operating condi- 
tions undoubtedly are due more to the influences of a combina- 
tion of these different materials with different characteristics 
than to any inherent change in the porcelain itself. Again, 
there is no known standard, to my knowledge, as to what con- 
stitutes perfect or ideal porcelain; different manufacturers have 
different standards in mixing, firing and in manufacturing, 
generally, so that there is no one standard which has yet been 
established as to what constitutes ideal porcelain. Many of 
the troubles which have been noticed may, in my opinion, be 
ascribed to improper firing of the porcelain, assuming, of course, 
that in the first instance the mixture was suitable to make per- 
fect porcelain if handled properly in the subsequent manufac- 
turing operations. It seems to me that, eventually, engineers 
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will have to determine upon some standard for measuring per- 
fect porcelain. An under-fired piece of porcelain is, to a certain 
degree, porous. The porcelain is almost invariably covered 
by a glaze, which is a glassy structure and protects the body 
of the porcelain from external influences, such as moisture and 
gases, but under operating conditions the glaze may be event- 
ually injured, and even though it is not injured, there are some 
portions of the porcelain which are not covered by the glaze, 
due to manufacturing necessities, so that gradually there may 
be absorption of moisture, which, when subjected to heating 
influences due to electric currents, may cause expansion to such 
a degree as to gradually develop minute cracks, and these, 
though microscopic at first, will eventually grow in intensity, 
and finally allow the porcelain to puncture. On the other hand, 
the porcelain is sometimes over-fired, in which case it takes on 
a glassy structure and is not capable of resisting the influences 
of alternate expansion and contraction to the same degree as 
perfect porcelain. 

The question of “aging” is one of great importance and, as 
I said in the beginning of my remarks, I do not believe that it 
has been demonstrated that ariy such phenomenon exists, but 
that the difficulties arising from so-called “aging” are due to 
external influences. 

T. R. Cornick: I was with the Mexican Light & Power 
Company when its line was first put into operation. We had 
approximately 500 miles of 60,000-volt circuit and later 40 or 
50 miles of 20,000-volt circuit. I was there for approximately 
five years after these lines went into operation and I do not think 
that I ever discovered any “aging.” We did have a lot of 
trouble due to electrical disturbances and I should say approxi- 
mately twenty punctures. Those punctures took place, how- 
ever, when these electrical disturbances were on; therefore we 
did not call them the “aging” of the insulator. That line after 
being in operation at 60,000 volts for several years was increased 
to 80,000. The insulators of course were changed. To start 
with we used the Rio type, 14 1/2 in., which was changed to, I 
think, 18 in. when they went to 80,000 volts. Since they went 
to 80,000 volts they have had no appreciable increase of trouble. 
Our troubles all took place before we put on the ground-wire. 
After we put on the ground-wire our troubles decreased, from, 
you might say, every day of the rainy season (during six months 
of the year) to approximately three cases of trouble during the 
rainy season. We, therefore, took it thaw the trouble was 
purely and simply the lightning and not trouble with the in- 
sulators. Therefore, I think Mr. Noack is right in his discussion 
in that it isn’t a case of “aging” of the insulators but 1s doubt- 
less a case of poor mixing, or poor manufacture. 

P. M. Lincoln: I ask Mr. Cornick if the ground wire was 
overhead? 

T,. R. Cornick: Yes, overhead ground wire. 
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L. T. Merwin: I can’t offer anything from experience here 
in Washington, because the line of the company with which 
I am connected has been in operation only 17 months. I 
might say, however, the insulators that are now being put on 
the market are certainly remarkable for the factor of safety 
that is offered. I speak now from the experience of an instance 
on our line shortly after it was put into operation. It was on 
June 17th of last year, when we had a turbine runaway in our 
plant. After we had patched things up, and got the line in 
operating condition again, or rather got the plant in operating 
condition again, we tried to repeat the runaway under hand 
control, and one of the results that we obtained by interpolation 
and extension of the graphic lines on our charts showed that we 
must have had, during that runaway, an impressed voltage on 
the line of something between 150,000 and 200,000 volts. The 
line is of wooden-pole construction with steel-core aluminum 
conductors and pin type insulators, with four strain units in a 
dead end. The pin type insulators had cemented lead thimbles 
in the top of the insulators, the lead thimbles receiving a 34-in. 
steel pin. Now, since that runaway.and the impressing of that 
extremely high voltage on our line we have not had a single 
breakdown, neither did we have a single breakdown up to 
that time. The line was put in operation on the 25th of April, 
1913, and on June 17th the runaway occurred with this high 
impressed voltage. It is now approximately fifteen months, 
and we have yet to experience our first insulator failure. 

I might also add that on another occasion our insulators 
withstood a severe arcing ground for 13 hours before the faulty 
section could be cut out by open air switching. This occurred 
quite recently, with no bad results. 

Incidentally, our lines are delta-star connected with ungrounded 
neutral, and I was able to carry load through this very severe 
arc. Now it is, I should say, a remarkable thing that insu- 
lators have such a large factor of safety as to stand a 
voltage of two to three times the working voltage. The farmers 
along our line described the spectacle as being awe-inspiring. 
Of course any high are is awe-inspiring to the layman; but 
from reports our line must have been lit up with corona from 
one end to the other and apparently looked like a solid streak 
of fire from the White Salmon river clear through to Camas. So 
if there is any aging in insulators it certainly has not appeared 
yet in the seventeen months of operation, and there certainly 
were no immediate bad results. 

L. J. Corbett: There is one point that I would bring up 
here which has not been touched upon as yet, and that is the 
matter of glass insulators and their possibilities. We have 
heard thus far only regarding the changes in the porcelain in- 
sulators. The porcelain manufacturers have been busy for some 
time and have been doing very effective work, and they appear 
to have a very reliable product at the present time. It seems 
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to me that glass, with its superior insulating qualities, should be 
worked upon a little more by the glass manufacturers and it 
may be possible that a more effective insulator, an insulator 
more constant in its qualities, could be developed. The objec- 
tion I believe is the uncertainty of glass in its mechanical 
strength. The difficulty about the porcelain is the uncertainty 
in its electrical strength, and I would like to see in the future 
more development in that line if there are actual possibilities. 

Ralph W. Pope: I have been thinking of glass during this 
discussion. Mr. Field, who was one of the early electrical 
engineers in California, stated that the possibilities of glass for 
long-distance transmission insulation had been overlooked; 
and I may say, in reply to Mr. Corbett, that the manufacturers 
have gone into this question very thoroughly, and some of the 
data as regards tests will be found in the TRANSACTIONS, 1912, 
XXXI, p. 2195. If thereis any doubt as to the relative qualities 
of porcelain and glass it would be wise to put them in oper- 
ation at the same time and study the results simultaneously 
so that if there is a possibility of the glass insulator being better 
it could be ascertained in that way. In the discussion which 
took place at the Cooperstown convention on insulators the 
question of mixing of porcelain came up for consideration, 
and it appears to have been maintained that it wasn’t the busi- 
ness of the electrical engineer to go into the mixing of porcelain, 
but that that was the work of the ceramic engineer. There is 
no doubt but that the manufacturers of porcelain insulators 
are investigating this; but, as it appears to me, 1G iS ao rather 
difficult matter, and the committee found it so, to arrive at a 
standard of perfect porcelain. The mechanical stress is a very 
important feature, and I think that is particularly what the 
manufacturers had in view in the construction of glass insula- 
tors. ‘Those can be obtained now, I believe, in almost any 
form, and I think it would be worth while for engineers to test 
out their possibilities. 

M.H. Gerry, Jr.: There is considerable misunderstanding on 
the subject of glass insulators. Glass is weaker mechanically 
than porcelain, and is also subject to internal strains, which 
may cause cracking when exposed to varying temperatures. 
The internal strains can be obviated to a considerable extent 
by proper design and can be materially reduced by careful 
annealing during manufacture. Glass insulators in many 1n- 
stances will give most excellent results, they are always cheaper 
and often better than porcelain insulators. I have had personal 
experience with over 200,000 glass insulators under operating 
conditions at voltages from 25,000 to 70,000, and I have never 
known an electrical failure traceable directly to the material. 
Where trouble has occurred, it has been due either to, defective 
design, improper annealing or too great mechanical strain on 
the insulator. It would be impossible to make a statement 
of this kind for porcelain, as a great many electrical failures 
have been due:to defective material. 
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A. A. Miller: I ask Mr. Gerry whether or not he considers 
the new form of insulators, in which there are disks placed in 
series to each other, contributes in any way to the elimination 
of these internal strains. In other words, the disks, it seems 
to me, would contribute to the elimination of these internal 
strains a great deal more than the petticoat insulators. 

M. H. Gerry, Jr.: It is entirely a question of proper anneal- 
ing of the glass during manufacture and the relative proportions 
of the different parts of the insulator. 

E. Woodbury: I ask Mr. Harisberger if he can tell how they 
would apply this test of the telephone receiver in case of a tower 
line or a wooden structure having pins grounded. 

He also mentioned that probably it was bad practise to have 
cemented pins in the insulators; in view of this, do they use 
insulators with cemented-in metal thimbles, or are the insula- 
tors screwed directly onto the pins? 

He also mentioned link-type strain insulators. It is my 
“understanding that that type is not now manufactured, and 
that all suspension type insulators, therefore, would have 
cement. In line with his remarks on insulator troubles, we 
have been in the habit of shutting down at convenient times 
our lines having pin-type insulators, and tapping the insulators 
with a stick to determine the cracked ones. On the coast where 
we had considerable trouble with burning off of poles and cross- 
arms on a 15,000-volt line, we have connected the iron pins to- 
gether with a wire and have stopped absolutely all the burning 
of poles. 

J. Harisberger: I have not had any experience with 
glass insulators for high-voltage lines, but if anyone is qualified 
to speak on that subject, Mr. Gerry is. 

We have had no occasion for locating faulty insulators on 
tower lines, as we have only some 12 miles of tower line and the 
insulators have only been in service a little over two years and 
have given absolutely no trouble. 

In answer to Mr. Woodbury’s question, I will say that in- 
sulators cemented to iron pins have a threaded 12-in. pin hole. 
Whenever an insulator is broken, we do not change the pin, 
but place a threaded sleeve of soft metal over the top of pin 
and screw on a new insulator. This sleeve was designed for 
this purpose and costs about two cents. 
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REPORT 
by the 
JOINT COMMITTEE ON INDUCTIVE INTERFERENCE 
to the 
RAILROAD COMMISSION OF THE STATE OF 
CALIFORNIA 


SCOPE 
hare report presents briefly an account of the formation of 
- this Committee, its activities and results accomplished 
to date, and recommendations for such rulings by the Railroad 
Commission of the State of California as the Committee believes 
are justified at this time; together with a technical discussion 
in explanation of the results and recommendations. 


HIsTORICAL 

The formation of the Joint Committee on Inductive Inter- 
ference was the outgrowth of certain differences involving power, 
communication and railroad interests which were brought to 
the attention of the Railroad Commission of California. As 
an alternative to contesting the issue at that time it was agreed 
by the power and communication companies, with the approval 
of the Commission, that a joint investigation should be made 
to obtain certain information essential to a proper solution of 
the difficulties. The Commission desired that the matter be 
thoroughly investigated before passing upon the general prin- 
ciples involved in these difficulties. To this end a general con- 
ference was called to select representatives to form a “Joint 
Committee’ empowered to conduct tests, experiments and in- 
vestigations, the results of which would serve as a basis of re- 
commendations for rules and regulations, to be issued by the 
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Commission, tending to minimize inductive interference and 
physical hazard arising from parallelism of different classes of 
circuits. This conference was held December 16, 1912. As 
a result, the Joint Committee on Inductive Interference, re- 
presenting the Railroad Commission and railroad, power, and 
communication interests of the State, was organized and 
authorized by the Railroad Commission of California to con- 
duct the desired investigation. 

The organization and personnel of the Joint Committee on 
Inductive Interference were approved by the Railroad Com- 
mission on January 6, 1913, and the Committee thereupon 
proceeded with the necessary tests and investigations. 

For the more efficient conduct of its work the Joint Com- 
mittee was divided into several smaller sub-committees, each 
assigned to, and responsible for, certain branches of the in- 
vestigation. The present organization of the Joint Committee 
is given on a chart presented as Appendix VI. 

Early in its work the Joint Committee established a field 
engineering staff reporting to the Sub-committee on Tests, to 
conduct the necessary tests and investigations. This field 
staff was composed of engineers in the employ of The Pacific 
Telephone and Telegraph Company and the American Tele- 
phone and Telegraph Company and was later augmented by 
the addition of two engineers and a stenographer engaged by 
the Joint Committee. 

Previous to the formation of this Committee in December 
1912, The Pacific Telephone and Telegraph Company had 
started an investigation of inductive interference between the 
lines of the Coast Counties Gas and Electric Company and the 
lines of the telephone company in the neighborhood of Morgan- 
hill in Santa Clara County. This investigation was completed 
by the Joint Committee and its results have been considered 
in connection with other work carried out by the Joint Com- 
mittee. 

In January, 1913, the Joint Committee established its field 
staff at Salinas, to investigate parallels on the lines -of the 
Sierra and San Francisco Power Company north of Salinas and 
on the lines of the Coast Valleys Gas and Electric Company 
south of Salinas, both of these power lines being parallel with 
lines of The Pacific Telephone and Telegraph Company, the 
Western Union Telegraph Company and the Southern Pacific 
Company’s signaling system. The investigation at Salinas 
continued from January 1913 until July 1913. 
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~The specific work undertaken at Salinas was: a determina- 
tion of the magnitude and characteristics of the induction pro- 
duced in the communication circuits, the factors in the power 
circuits causing this induction, the quantitative relationship 
of cause and effect, and a comparison of the effects on the paral- 
lels north of Salinas with the neutral of the power circuit alter- 
natively grounded beyond one end of the parallel and beyond 
both ends of the parallel. 

In July 1913 the field headquarters were moved to Santa 
Cruz. At this point the Committee desired to test the relative 
merits of various schemes of transposition for both power and 
telephone circuits, and to complete the investigation begun at 
Morganhill on the system of the Coast Counties Gas and Elec- 
tric Company, which system is of a different character from 
that studied at Salinas. A mathematical study of transposi- 
tions in general, and particularly of those for the parallel be- 
tween Santa Cruz and Watsonville, has been completed. The 
experimental study of these schemes of transpositions has not 
as yet been completed. 

Owing to the peculiar nature of the experimental work and 
the refinements required, suitable apparatus was not easily 
obtainable and in many instances it was necessary to design 
and develop special apparatus for certain of the tests. A con- 
siderable amount of time has necessarily been spent at all points 
of the tests in choosing, from the almost innumerable things 
which could be investigated with profit, those of greatest value 
which could be carried out with the means at hand. 

In the course of its investigations the Committee has prepared 
a series of fifty technical reports which present and discuss 
in detail the various features of the work, the methods and 
apparatus employed and the results accomplished. These 
reports, which are on file at the Committee headquarters in 
the offices of the Railroad Commission of California, are listed 
in Appendix V. 


RESULTS ACCOMPLISHED 
The following paragraphs summarize very briefly the prin- 
cipal results accomplished to date. These statements of re- 
sults are accompanied by brief explanatory comment upon 
the conclusions reached. The reasons for and explanations of 
these conclusions are given in more detail in the appendices to 
which reference is made. 
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1. Interference to telephone circuits under normal operating 
conditions of power circuits arises almost wholly from the har- 
monic voltages and currents of the power systems. (See A ppendix 1). 

This is due chiefly to the fact that the frequencies of the 
harmonics generally present in the voltages and currents of 
power systems cover a considerable portion of the range of the 
voice frequencies, particularly those frequencies at which tele- 
phone instruments and the human ear are of maximum sensi- 
bility. Extraneous currents of frequencies approaching the 
average voice frequency have a more injurious effect upon 
telephone conversation than currents of lower frequencies. 

2. The effect of induction of the fundamental frequency on 
telephone circuits is comparatively unimportant unless it is of 
magnitude sufficient to constitute a physical hazard. (See Appen 
dix I), 

This is due to the fact that the fundamental approaches the 
lower limit of audible frequencies, at which the telephone and 
the human ear are not efficiently responsive. 

3. Interference to telegraph and other signaling circuits is due 
principally to the fundamental and lower harmonics. (See A ppen- 
dix I). 

Telegraph receiving instruments are relatively insensitive, 
as compared with the telephone, to the higher harmonics, but 
are sensitive to disturbances of lower frequencies, such as the 
fundamental and lower harmonics which more nearly approach 
the normal operating frequency of such circuits. 

4. The power circuit currents and voltages may be divided 
into two factors: balanced and residual, of which, for equal magni- 
tudes, the latter in general produce the greater inductive inter- 
ference. (See Appendix II). 

Residual currents and voltages act inductively in a similar 
manner to single-phase currents and voltages acting in a circuit 
composed of the line conductors in parallel with earth return, 
which is a condition favorable to very large induction. More- 
over, such a circuit which includes the earth as one side cannot 
be transposed. Transpositions in the power circuit cannot 
reduce the inductive effect of residuals except as they reduce 
the magnitudes of the residuals themselves, which they do in 
Some cases. The inductive interference arising from such 
currents and voltages can be reduced only in the case of metallic 
circuits such as telephone circuits, by transposing these circuits. 
It is therefore important that the telephone circuits be trans- 


—— 
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posed at frequent intervals throughout parallels and carefully 
balanced throughout their entire length and that the residual 
currents and voltages be kept sufficiently small to give negli- 
gible induction in telephone circuits so arranged. 

5. Inductive interference to communication circuits, arising 
from the balanced voltages and currents, can in a large measure 
be prevented by means of an adequate system of transpositions 
applied to both power and communication circuits (assuming the 
latter are metallic) and located with due regard to each other. 

This is accomplished partly by creating mutually neutral- 
izing inductive effects in neighboring lengths of each side of 
the communication circuit or circuits by transposing the power 
circuit, and partly by equalizing the inductive effects on the two 
sides of the communication circuit or circuits by exposing each 
side equally to the influence of the power circuit by transposing 
the communication circuit. 

6. Abnormal conditions and at times switching operations 
produce transient disturbances of a very severe character. 

This is due to the fact that abnormal conditions almost 
invariably give rise to residuals of large magnitude, often in- 
cluding high harmonics. Abnormal occurrences incident to 
electrical power transmission do not give warning of their 
occurrence, and since they cannot be produced artificially on 
transmission systems without subjecting the apparatus to great 
risk or danger, it has been deemed unwise to attempt any 
experimental tests of these effects. This conclusion is there- 
fore drawn from general experience and data of actual occurr- 
ences collected by the Committee. 


RuLesS RECOMMENDED BY THE COMMITTEE 


The following are the rules which the Committee, as the 
result of its study to date, recommends be issued at this time to 
govern the future construction and: operation of power and 
communication circuits which are or are proposed to be so located 
as to create a parallel as hereinafter defined. . 


OUTLINE OF RULES 
Definitions. 
Power Circuit 
Communication Circuit 
Telephone Circuit 
Line. 
Parallel or Parallelism 
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f. Residual Current 
g. Residual Voltage 
h. Transposition. 
I. Avoidance of Parallelism . 
II. Conditions under which Parallelism will be Permitted. / 
Minimum Horizontal Separation 
Balance of Power System 
Limitation of Residual Currents and Voltages 
Transpositions Inside Limits of Parallel 
Transpositions Outside Limits of Parallel 
Uniformity of Parallel 
Transformer Connections 
Switch Equipment 
Switching 
Use of Air Switches 
Abnormal Conditions 
Devices for Indicating Abnormal Conditions on Systems Isolated 
. from Ground. 
Procedure under Abnormal Conditions 
Ammeters in Neutral Ground Connections 
Charging Electrolytic Lightning Arresters 
Wave Form of Rotating Machines 
q. Exciting Current of Transformers. 
III. Provisions Applying to Existing Parallels 
IV. Waiver of Conditions by Communication Company 
V. Parallelism with Alternating-Current Railways. 


Definitions 
The following definitions are given of certain technical terms 
employed herein: 
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a. Power Circuit. The term ‘ power circuit” includes any overhead 
constant-potential alternating-current power transmission or distribution 
circuit or electrically connected network which has a voltage of five thous- 
and volts or more between any two conductors or of three thousand volts 
or more between any conductor and ground. 

b. Communication Circuit. The term ‘ communication cireuit 77 
includes any overhead, open wire telephone, telegraph, or signaling cir- 
cuit which is used in the service of the public. 

c. Telephone Circuit. The term “ telephone circuit '’ includes any 
inter-exchange metallic telephone circuit, and therefore excludes sub- 
scriber’s circuits. This term also includes any metallic telephone circuit 
operated by any railroad or other company for dispatching purposes or for 
public use between separate communities. 

d. Line. The term ‘‘line”’ means any circuit or aggregation of cir- 
cuits carried on poles or towers. 

e. Parallel or Parallelism. The terms ‘ parallel’ or ‘‘ parallelism ”’ 
refer to cases where a power line and a communication line follow sub- 
stantially the same course, or are otherwise in proximity for a sufficient 
distance, so that the power circuit is liable to create inductive interference 
in the communication circuits. 
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f. Residual Current. The term “residual current’’ denotes the 
vector sum of the currents in the several conductors of a power circuit. 

g. Residual Voltage. The term ‘‘ residual voltage ’’ denotes the vector 
sum of the voltages to ground of the several conductors ot a power circuit. 

h. Transposition. The term ‘“ transposition ” denotes the interchange 
of position of the several conductors of a circuit. 


I. Avoidance of Parallelism 

Every reasonable effort shall be made to avoid new parallel- 
ism. The party proposing to build a new communication or 
power line, which will create a parallel, or generally to recon- 
struct an existing line involved in a parallel shall give due notice 
(at least thirty days wherever possible) of its intention to the 
other party, including detailed information as to the location 
and character of the proposed line. If a plan can be devised 
and agreed upon by the two parties for maintaining an adequate 
separation between the two classes of lines so as to avoid inter- 
ference, this shall be done. In case it is impracticable to secure 
adequate separation between, a power line and a communica- 
tion line, parallelism will be permitted subject to the conditions 
set forth in II. 


II. Conditions under which Parallelism will be Permitted 

a. Minimum Horizontal Separation. The minimum hori- 
zontal separation between the power line and communication 
line shall be equal to the height of the taller line. The only 
exceptions to this provision are angle crossings and other un- 
avoidable cases of close proximity, and in all such cases the 
power line shall be kept above the communication line and con- 
structed in conformity with the National Electric Light Assoct- ° 
ation’s specifications for overhead crossings or other approved 
equivalent which may be agreed to by both companies. 

b. Balance of Power System. The power company shall 
exercise due diligence to keep the currents in, and the voltages 
to ground of, the conductors of any power circuit involved in 
a parallel, as closely balanced as practicable. In all cases 
where telephone circuits are involved, special consideration 
shall be given to the prevention or elimination of harmonics 
in the residual current and in the residual voltage. 

c. Limitation of Residual Currents and Voltages. Pending 
additional rules on specific means other than those given herein, 
the parties concerned shall endeavor to agree upon the means 
to be employed for the prevention or limitation of residual 
currents and voltages, and in the event of disagreement the 
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matter shall be referred to the Railroad Commission of the State 
of California. 

d. Transpositions Inside Limits of Parallel. An adequate 
system of transpositions shall be installed in the power circuit 
(or circuits), and in the communication circuit (or circuits) 
provided the latter is metallic. When both circuits are trans- 
posed the transpositions in both the communication and power 
circuits shall be located with due regard to each other. 

Every reasonable effort shall be made by both parties con- 
cerned to fix the limits of the parallel and the location of cross- 
ings, branch lines, and connected apparatus so as to facilitate 
the application of an effective transposition scheme. 

In the case of a parallel between a power line and a telephone 
line the company owning or operating the telephone line invol- 
ved shall have the right to specify the number, type (in respect 
to electrical characteristics) and location of the transpositions 
in the power circuit, subject to the following limitations: 


1. For power circuits of 50,000 volts or over, the average distance be- 
tween successive transpositions shall not be required to be less than one 
mile and the minimum distance between any two successive transposi- 
tions shall not be required to be less than two-thirds of a mile, 

2. For power circuits of less than 50,000 volts the distance between 
successive transpositions shall not be required to be less than one-sixth 
mile, 


The transposition system of the telephone circuits shall be 
modified where necessary in order that the power and telephone 
circuits shall be, as nearly as practicable, mutually non-inductive. 

For short parallels less than six miles in length (or short 
sections of longer parallels which have to be treated independ- 
ently because of abrupt change in conditions) with power circuits 
of 50,000 volts or over, where it is impracticable to obtain an 
adequate balance by the location of transpositions in accordance 
with the limit specified above, the company owning or operating 
the telephone line involved shall have the right to specify the 
number, type and location of transpositions provided the dis- 
tance specified between successive transpositions is not less 
than one-half mile. 

When necessary (due to variations in lengths of telephone 
transposition sections) in order to secure an adequate balance, 
a reduction of 10 per cent in the limiting distances between succes- 
sive power circuit transpositions as given above, shall be allowed. 

In the case of a parallel between a power line and a tele- 
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graph line or other grounded communication circuit, the location 
of the transpositions in the power line shall be with due regard 
to the limits of the parallel in order to form as nearly as practi- 
cable a balanced system. The location and type of such trans- 
positions shall be as specified by the communication company, 
subject to the condition that the transpositicns in the power 
circuit may not be required to be less than one mile apart. 

In no case shall the power company be required to relocate 
poles or towers for the transpositions. 

The parties concerned in any proposed parallel shall endeavor 
to agree upon a transposition scheme for such parallel in ac- 
cordance with the above. In the event of a disagreement, 
the matter shall be referred to the Railroad Commission of the 
State of California. 

e. Transpositions Outside Limits of Parallel. In addition 
to transpositions within the limits of a parallel, as provided in 
“ad” hereof, each new power circuit isolated from ground (or 
extension of such existing circuit) which is constructed subse- 
quent to the date when these rules become effective, shall be 
transposed throughout its entire length in such manner as to 
balance the electrostatic capacities to earth of its several con- 
ductors, so as to avoid inequalities among the voltages to earth 
of the several conductors, which would create inductive inter- 
ference. Such transpositions shall not be more than eight 
miles apart, provided however, that circuits less than three 
miles in length are not required to be transposed until they are 
extended to a greater length; except that extensions or spurs 
from existing lines, the electrostatic capacities to earth of whose 
conductors are balanced, shall be so constructed as not to 
change materially the balance of the existing lines to which they 
are connected.. 

f. Uniformity of Parallel. To facilitate the application of 
effective transpositions, both parties shall endeavor to maintain 
uniform separation, uniform arrangement of conductors and 
uniform relative location of the two classes of circuits within 
the limits of a parallel. However, when it is feasible to secure 
a substantial increase of separation between the two lines for a 
considerable portion of a parallel, this shall be done, as such an 
increase of separation is of more benefit than uniformity. 

g. Transformer Connections. (1) On any power circuit in- 
volved in a parallel, no grounded single-phase, or grounded 
open-star transformer connections shall be employed. 
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Note: This does not apply to railroads operating alternating-current 
trolleys with ground return, which are covered by V. 

(2) On a power circuit involved in a parallel, no star-con- 
nected transformers or auto-transformers with grounded neutral 
shall be employed, unless delta-connected secondary or tertiary 
windings or other equivalent means are used of suppressing 
the third harmonic components of the residual voltages and 
currents introduced by the transformers. 

(3) Where single-phase loads are connected to a polyphase 
power circuit involved in a parallel, the power company shall 
endeavor to arrange successive connections of this type so as to 
equalize the loads upon the several phases. 

(4) On a three-phase circuit involved in a parallel, the power 
company shall use, wherever practicable, a closed-delta con- 
nection in preference to an open-delta connection, and where 
the latter is employed an effort shall be made to distribute such 
connections equally upon the several phases. 

h. Switch Equipment. A power circuit involved in a parallel 
shall be equipped, between the source of supply and the parallel, 
with oil switches, all poles of which shall be mechanically inter- 
connected for simultaneous action. With the exception of 
stations where an operator is constantly on duty, these switches 
shall be rendered automatic for short-circuits, grounds, and 
abnormal neutral currents. 

i. Switching. All switching on all parts of a system con- 
nected to a circuit involved in a parallel, which causes harmful 
transient disturbances in communication circuits, shall be done 
by means of oil switches, all poles of which are mechanically 
interconnected for simultaneous operation. 

j. Use of Air Switches. The use of air switches, on a power 
circuit involved in a parallel, is prohibited except for purposes 
of isolating sections of dead line, or for disconnecting trans- 
formers under no load. This applies to the entire power system, 
any circuit of which is involved in a parallel, unless such switch- 
ing is so remote as not to cause harmful transient disturbances 
in the communication circuits. 

k. Abnormal Condition. A power circuit involved in a 
parallel shall not be operated at any time with an open, grounded 
or short-circuited line wire or wires or transformer winding. 

1. Devices for Indicating Abnormal Conditions on Systems 
Isolated from Ground. If a power circuit involved in a parallel 
is electrically isolated from ground, reliable indicating devices 
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shall be installed at its source of supply to inform the operator 
immediately of abnormal conditions, such as grounds and where- 
ever possible, open circuits, which have not operated automatic 
switches. Upon indication of trouble by such devices, the 
operator shall immediately open the oil switches and proceed 
in the manner outlined in ‘“‘m’’. ' 

m. Procedure under Abnormal Conditions. In case of the 
opening of an oil switch due to an abnormal condition in a 
power circuit involved in a parallel, or any circuit supplying 
or supplied by the same, such switch may be closed once; if 
opened a second time due to the continuance of the fault or ab- 
normal condition, said switch shall not be closed again until the 
line has been sectionalized. The fault may then be located by 
energizing sections of line, provided that further sectionaliza- 
tion of the line be done in such sequence as to cause the mini- 
mum disturbance to parallel communication circuits, and pro- 
vided further that where practicable the faulty section of line 
shall be energized but once in this process of sectionalization, 
where the fault exists within or beyond the parallel, until such 
fault is remedied. 

n. Ammeters in Neutral Ground Connections. Wherever a 
neutral ground connection is employed on a circuit involved in 
a parallel, an ammeter, suitable for measuring as accurately 
as practicable the current in the neutral under normal operating 
conditions, shall be installed in all neutral connections at the 
main generating and substations on the power system elec- 
trically connected to the circuit involved in the parallel. The 
power company shall maintain a record of hourly measure- 
ments of the neutral current at all such points. 

o. Charging Electrolytic Lightning Arresters. Where a power 
system is equipped with electrolytic lightning arresters so charged 
as to cause inductive interference in communication circuits 
the method of charging the arresters shall be modified to eliminate 
the disturbances asfar as possible. The charging of such light- 
ning arresters shall be done at such time as to give the minimum 
liability of interference with communication circuit operation, 
preferably between the hours of 2 A.M. and 4 a.M. 

p. Wave Form of Rotating Machines. The power company 
shall make every effort to obtain generators and synchronous 
motors for use on all parts of the system, giving, as nearly as 
reasonably possible, pure sine waves of voltage at fundamental 
frequency. In no case shall the deviation from a pure sine 
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wave exceed the limit set forth in the Standardization Rules 
of the American Institute of Electrical Engineers. 

q. Exciting Current of Transformers. In order that the 
wave shapes of voltage and current may be distorted as little 
as practicable by transformers, the main line transformers 
employed on circuits involved in a parallel and on future ex- 
tensions of such circuits shall have an exciting current as low 
as is consistent with good practise, and in no case shall the 
exciting current at rated voltage exceed ten per cent of the full 
load current. Such transformers shall not be operated at more 
than ten per cent above their rated voltage. 


III. Provisions Applying to Existing Parallels 

The following sections of II shall apply also to power circuits 
involved in existing parallels; b, i, j, k, 1, m, n, 0, p, and q. 
Also g-3 and g-4 shall apply to existing parallels to the extent 
that transformers added hereafter shall be connected as pro- 
vided in said rules. . 


IV. Waiver of Conditions by Communication Company 

At the option of the company operating the communication 
circuit or circuits any of the provisions of II and III may be 
waived. 


V. Parallelism with Alternating-Current Railways 

It is recognized that railroads operating alternating-current 
trolleys with ground return create serious inductive interference 
with parallel communication circuits. In the present state of 
the art, no means for completely overcoming inductive inter- 
ference from such parallels is known, hence, they are to be 
avoided if possible and where unavoidable, the responsibilities 
arising therefrom must be settled by mutual agreement or in 
case of inability to agree the matter shall be referred to the 
Railroad Commission of the State of California. 


Discussion or RULES 

It will be noted from the definitions that the terms “power 
circuit” and “‘telephone circuit’? are used in these rules in a 
special, restricted sense. 

(I) The first and most obvious means of preventing inductive 
interference is to avoid the close association of power and com- 
munication circuits. Further, it is recognized that in no other 
way can complete freedom from interference be secured. While 
with the ever increasing network of electrical circuits of all 
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kinds, adequate separation to avoid interference is becoming 
increasingly difficult to maintain, the Committee feels that the 
importance of such separation justifies its being made the first 
premise in rules designed to prevent inductive interference. 

- Notice, sufficiently in advance, should be given the other 
party or parties concerned in any proposed parallel in order 
that thorough consideration may be given by both parties to 
possible means of avoiding the parallel, or, in case the parallel 
cannot be avoided, to the necessary remedial measures to be 
employed. 

(II-a) The best insurance against physical hazard in cases 
of close proximity is to maintain a separation equal to the height 
of the taller line, thus avoiding the possibility of physical con- 
tact in case of failure. In the case of crossings and unavoidable 
cases of close proximity for short distances extra-strength con- 
struction is necessary as a precaution against failure. 

(II-b-c) As has been pointed out under the heading ‘‘Results 
Accomplished’, and more fully explained in Appendix II, 
residual voltages and currents are particularly troublesome 
factors in causing interference. Means to eliminate or reduce 
such residuals in power systems are highly important and while 
information at this time does not enable the Committee to form- 
ulate as explicit a rule as is desirable, yet the importance of the 
subject justifies its inclusion in the rules. The acquisition of 
further information on which to base a more explicit rule upon 
this subject is a most important problem, the experimental 
study of which is discussed in the following section of this report. 

(II-d) Transpositions properly located in both power and 
communication circuits offer the most reliable and effective 
means for preventing interference from balanced voltages and 
currents of power circuits. While the inductive effects increase 
in severity for the higher voltage circuits, due in part to the in- 
creased separation of the line conductors, which renders more 
frequent transpositions desirable, the mechanical difficulties 
involved are so great as to over balance the other reasons and 
the rules, therefore, provide for less frequent transpositions in 
the higher voltage circuits than in the lower voltage circuits. 
A further reason for frequent transpositions in the lower volt- 
age circuits is the necessity of a flexible system of transpositions 
applicable to short parallels which generally occur with such 


circuits. | 
(II-e) The provision requiring transpositions outside the 
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limits of a parallel on systems electrically isolated from ground 
is an explicit measure for carrying out the purpose of the more 
general provision given under II-b-c, ‘‘Balance of Power Sys- 
tem’ and ‘Limitation of Residual Voltages and Currents.” 

(II-f) Non-uniformity of separation and type of construction 
within the limts of a parallel are inequalities which cannot in 
many cases be taken into account in the design and layout of 
transposition schemes. Such inequalities tend to nullify the 
effectiveness of the transpositions; hence, it is desirable that 
they be avoided. A precautionary statement is included in 
the rule in order that the possibility of securing a wide separa- 
tion for a considerable portion of a parallel may not be sacri- 
ficed for the sake of absolute uniformity throughout the entire 
length. 

(II-g) Some types of transformer connections and methods 
of operation give rise to large residual voltages and currents and 
certain provisions of the rules are designed to prohibit or restrict 
the use of such connections and methods of operation. These 
rules may be considered as explicit provisions complying with 
the general provision in II-b-c, ‘‘Balance of Power System’’ 
and “Limitation of Residual Voltages and Currents’. The 
sufficiency of these specific provisions as an insurance against 
harmful residual voltages and currents is subject to future de- 
termination. 

The present information of the Committee does not warrant 
the definite recommendation of any one type of connection or 
method of operation as best from the standpoint of inductive 
interference. This is true as to the relative merits of the two 
general types of systems, the grounded neutral and the isolated 
system. The advantages and disadvantages of these general 
types and any modifications of these types are dependent upon 
their inherent characteristics in respect to residuals and the 
limitations and control of residuals under both normal and 
abnormal conditions. Both types are on an equality with 
respect to the interference caused by balanced voltages and 
currents. 

(II-k) Continued operation under certain abnormal condi- 
tions is possible in some power systems. In particular, it is 
possible to operate a grounded star-connected system with one 
phase open, and it is possible to continue the operation of an 
isolated system when one phase becomes grounded accidentally. 
The former gives rise to a large residual current and the latter to 
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a large residual voltage, both of which are liable to render parallel 
communication circuits inoperative. For these reasons the 
rule prohibits such operation, which, aside from the considera- 
tion of inductive interference, does not constitute good practise 
in power system operation. 

(II-h-1-n) To provide that operation under the abnormal 
conditions mentioned above may not continue without the 
knowledge of the power company, the rules specify that devices 
for indicating grounds shall be installed on isolated systems. 
With respect to grounded star-connected systems, the rules 
specify with certain exceptions the automatic opening of switches 
by abnormal neutral currents. In such systems ammeters are 
required in all main neutral ground connections. Such am- 
meters, read regularly, afford means of detecting abnormal 
neutral currents and are of value in showing the degree of 
balance of the system, as the neutral current is easily affected 
by unbalanced conditions. 

(II-m) Accidental causes give rise to occasional abnormal 
conditions. These can only be guarded against by good con- 
struction and maintenance, and careful operation which, how- 
ever, cannot prevent entirely such occurrences. When trouble 
develops on a power circuit involved in a parallel, it is always 
liable to cause serious interference to the communication cir- 
cuits, if the exposure is severe. In the present state of the art, 
the method of fault location on power circuits is a process of 
repeated sectionalization and energization of the faulty line 
until the fault is located within certain limits. This process 
causes repeated interruptions with loss of time in the operation 
of the communication circuits, and in the case of telephone 
circuits is accompanied sometimes by injury to the operators. 
It should be explained that the loss of time is much greater than 
the duration of the disturbance, owing to the time required to 
restore the protective devices on the communication circuits to 
their normal condition. No method of locating faults on power 
circuits is known which meets the requirements of practise and 
yet avoids the disadvantages of the present method. The 
inductive disturbances due to fault location can be to a con- 
siderable degree ameliorated by disconnecting the faulty line 
from the rest of the system and energizing this line by a single 
generator at such excitation as may be necessary to overcome 
the insulation of the fault. Whenever practicable this method 
is employed by power companies; hence, it has not been thought 
necessary to cover it by a specific rule. 
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In view of these facts, the Committee is recommending the 
limitation of the present practice in this regard so as to avoid, 
as far as seems practicable, the repeated interruptions to com- 
munication circuit operation. It is highly desirable that some 
better method of fault location be developed, not only because 
of the attendant consequences of the present method on com- 
munication circuits, but also because of the abnormal strains 
to which the power apparatus is necessarily subjected. 

(II-h-i-j) Normal switching operations on power circuits 
produce at times severe transient disturbances in parallel com- 
munication circuits. The commonly recognized fact that oil 
switches produce less severe transient disturbances in power 
circuits, affords the basis for the provisions in the rules dealing 
with switches and switching. The automatic features required 
are designed to prevent continued operation under abnormal 
conditions. 

(II-o) Transient disturbances of severe nature to telephone 
circuits are sometimes caused by the charging of electrolytic 
lightning arresters. There are available methods of diminish- 
ing the transients due to this cause, and a general provision to 
the effect that such methods shall be employed when necessary, 
is included in this rule. It is further provided that the charg- 
ing of the arresters should be done at times when the telephone 
circuits are least used. 

(II-p-q) Fundamentally, interference to telephone circuits 
by power circuits in normal operation is largely due to the exis- 
tence of harmonics in the currents and voltages. While the 
complete elimination of these harmonics seems impracticable, 
still beneficial results may be obtained by practical efforts in this 
direction and the Committee feels that the two general pro- 
visions as to the wave form of rotating machines and the excit- 
ing current of transformers are of great importance both from 
a practical standpoint and also as enunciating a general prin- 
ciple. The matter of generator wave form particularly is of 
importance for all types of systems. The provision with 
reference to the exciting current of transformers, while desir- 
able in all cases, is particularly so on grounded star-connected 
systems. 

(III) Certain of the measures in IT, particularly those referring 
to power system operation, which are helpful in mitigating 
inductive interference, have been recommended to apply to 
existing parallels. 
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(IV) Since these rules are designed for the. protection of 
communication circuits, it is proper that the companies opera- 
ting such circuits be given the right to waive any measures of 
protection which they may in any particular case consider un- 
necessary. 

(V) The Committee has undertaken no investigation of cases 
of parallelism with alternating-current railways, but as the 
seriousness of this class of exposure is recognized, it was thought 
desirable that it be referred to specifically. 


FuTURE WoRK 


The further work necessary in order'to secure the information 
essential as a basis of determining more explicit and. effective 
rules than those herein recommended, is particularly concern- 
ed with the subjects of transpositions and residual voltages and 
currents. In order to cover these subjects in as effective and 
economical a manner as possible it is thought that the procedure 
should be along the following lines: 

1. Experimental study of transpositions, which includes the 


determination of: 

a—the practical effectiveness of transpositions in both power and com- 
munication circuits as a means of reducing induction arising from balanced 
voltages and currents; involving considerations of different coordinated 
transposition schemes, particularly with different lengths of power circuit 


ubarrels. * 


b—the practical effectiveness of transpositions in communication 
circuits as a means of reducing inductive interference arising from resid- 
ual voltages and currents; involving considerations of different systems, 
particularly different lengths of balanced communication circuit transposi- 
tion sections. 

c—the influence of imperfect electrical balance of communication cir- 
cuits in impairing the effectiveness of transpositions. 

d—the practical effectiveness of transpositions in a power circuit 
isolated from ground as a means of balancing the electrostatic capacities 
to earth of the several conductors, and thereby reducing residual voltages 
and currents; involving considerations of the relative efficiency of different 
lengths of power circuit barrels. 

2. Experimental study of the causes and effects of residuals, 


including: 

a—a comparison of the different types of power system connection and 
apparatus in common use and their characteristics in respect to the pro- 
_ duction of residuals, particularly harmonic residuals. 

b—means to be employed in limiting residual voltages and currents. 

c—a determination of the minimum values of residual voltages and 
currents which will produce harmful inductive interference. 


*See Appendix III, page 1474. 
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It is thought that these two studies could progress simultan- 
eously. The work indicated under (1) could best be done on 
an actual parallel selected to be as uniform and as free from 
secondary disturbances as possible. Some preliminary work 
has been done along these lines which indicates the best methods 
of procedure and this should facilitate the carrying out of the 
investigation. 

The study mentioned under (2) consists in part of an in- 
vestigation of the characteristics and magnitude of residual volt- 
ages and currents in typical power systems, both those with 
grounded neutrals and systems entirely isolated from ground. 
A part of the study of residuals is logically related to the study 
of transpositions and could be carried out in connection with 
the study outlined under (1) and at the same time and place. 

In addition to the above the Committee has already arranged 
for the investigation of the two following subjects: 


1—a determination of the detrimental effect of extraneous currents 
onatelephone circuit as a function of the frequency, including a determina- 
tion of the maximum amount of extraneous current, of different frequen- 
cies and combinations of frequencies, which is allowable in a commercial 
telephone circuit. 

2—a determination of the effects of extraneous current of different 
amounts and characteristics, in limiting the speed of telegraph operation. 


This work is now in progress. 


APPENDIX I 
HARMONICS 


Any complex electrical wave of periodic structure may be 
resolved into component sine waves of suitable amplitudes and 
phase differences, having frequencies which are in integral 
relation to the fundamental frequency. The simple sine wave 
of lowest frequency is termed the fundamental, and those of 
higher frequency are termed harmonics of the fundamental 
wave. The fundamental may be considered the first harmonic. 
The analysis of a periodic wave into its constituent sine waves 
or harmonics is not merely a mathematical conception or process 
but is in accordance with the facts of electricity and acoustics. 

In general, alternating-current systems, by virtue of their 
inherent characteristics, do not permit the existence of har- 
monics other than odd integral multiples of the fundamental 
frequency, 7.2,,.ord, onl 7 tte 11th, etc., harmonics. Such 
harmonics may exist in either or both the current and voltage 
waves of a power system. 
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Commercial frequencies of power transmission in California 
are 25, 50 and 60 cycles per second. The power systems, so 
far investigated, operate at a fundamental frequency of 60 
‘cycles per second. The investigation has shown harmonic 
currents and voltages of appreciable magnitude up to the 35th 
harmonic. On one system the 23rd: (corresponding to a fre- 
quency of 1380 cycles per second) has been found to be prom- 
inent. Induced currents and voltages in parallel communica- 
tion circuits have been observed corresponding to these harmonics. 

The detrimental effect of the induced voltages and currents 
in parallel communication circuits depends, in general, upon 
their magnitude and upon the frequency of the induction as 
compared with the operating frequency of the communication 
circuit. The presence of extraneous current of a frequency 
approaching that of normal operating frequency of the com- 
munication circuit has a more injurious effect than the same 
amount of current of a frequency far removed from the opera- 
ting frequency of the circuit. 

The frequency of the voice currents flowing in a telephone 
circuit ranges from about 200 cycles per second up to possibly 
2000 cycles per second. The average voice frequency is con- 
sidered to be approximately 800 cycles per second, and at about 
this frequency the telephone receiver is most sensitive. It is 
on account of these considerations that extraneous currents of 
the higher frequencies, arising from the harmonics of a power 
system, are relatively more detrimental to telephone service. 
The harmonics of the power systems have been found to be re- 
sponsible for the greater portion of the inductive interference 
to telephone service, under normal operating conditions of 
parallel power circuits. Any extraneous current of a frequency 
within the audible range produces a disturbance which impairs 
the efficiency of a telephone circuit. The combined effects of 
all extraneous.currents present, of frequencies within the range 
of audition, constitute the humming ‘noise’ heard in the re- 
ceiver of a telephone circuit which is subject to induction. 

The effect of currents of the fundamental frequency (60 
cycles or less) on telephone circuits is relatively unimportant 
as compared to that. of higher harmonics, owing to the fact that 
the fundamental approaches the lower limit of audible fre- 
quencies. However, if the induction due to the fundamental 
becomes sufficiently great, constituting a physical hazard, or 
of such magnitude as to operate the protective devices on the 
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telephone circuits or interfere with superimposed telegraph 


service or other grounded signaling devices, it is then of great 
importance from the standpoint of interference. 


In regard to the effect of extraneous currents on the opera- 


tion of telegraph circuits, for reasons analogous to those given 
above, such circuits are relatively more affected by extraneous 
currents of fundamental frequency or of the frequencies cor- 
responding to the lower harmonics such as the 3rd and 5th. 

At the present time the American Telephone and Telegraph 
Company is undertaking, on behalf of the Joint Committee on 
Inductive Interference, an extensive series of tests in regard to 
the detrimental effect of extraneous currents of various fre- 
quencies on the intelligibility of telephone conversation. In 
addition, this company, in conjunction with the Western Union 
Telegraph Company and the Postal Telegraph Cable Company, 
is undertaking an investigation of the effect of extraneous cur- 
rents on the operation of telegraph circuits and apparatus of 
different types. 

Harmonic currents and voltages in power circuits arise from 
many causes. Generators or other rotating machines do not, 
in general, produce pure sine waves of fundamental frequency. 
This is due to several features in the design of the apparatus. 
A certain amount of distortion of wave form, with the conse- 
quent introduction of disturbing harmonics, is inherent with 
the use of transformers. This distortion of wave form is due 
to hysteretic action in the iron core of the transformer. The 
distortion varies in character and magnitude with the satura- 
tion and characteristics of the iron employed. Certain con- 
nections of transformers are possible which will suppress the third 
harmonic and its multiple in a three-phase power system. The 
fact that practically all inductive interference to telephone cir- 
cuits is due to the harmonic currents and voltages, renders it 
important that an effort be made to obtain rotating machinery 
for use in power systems which produces as nearly as is reason- 
ably possible pure sine waves of fundamental frequency, and 
also that an effort be made to obtain transformers and to arrange 
connections of the same in such a manner as to reduce as far as 
practicable the distortion of wave form. 
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APPENDIX II 


BALANCED AND RESIDUAL VOLTAGES AND CURRENTS 


This appendix comprises the four following sections: 

1. Analysis of Voltages and Currents and Discussion of the 
Effects of their Components. 

2. Causes of Residual Voltages and Currents. 

3. Means for Preventing or Reducing Residual Voltages 
and Currents. 

4. Discussion of Tests. 


1. Analysis of Voltages and Currents and. Discussion of the 
Effects of their Components 

To facilitate the analysis of inductive effects in parallel com- 
‘munication circuits, arising from a power circuit, the voltages 
and currents of the power circuits can be conveniently regarded 
as consisting of components which exhibit distinct character- 
istics and which may be treated separately. 

Considering a three-phase circuit having equal voltages 
between any two conductors, the voltages to ground from the 
conductors can be resolved into two sets of components, balanced 
components and residual components. Since the voltages 
between any two conductors are equal, the voltages between 
the conductors may be graphically represented by three vectors 
forming an equilateral triangle. The potential of the ground 
may be represented by a point which may be inside or outside 
of the triangle, depending on the magnitude- and character of 
the residual voltage, and the actual voltages to ground from 
the conductors may be represented by three vectors drawn 
between the point representing the ground potential and the 
corners of the triangle. The balanced components of the volt- 
ages to ground from the conductors consist of three equal volt- 
ages whose vector sum is zero and which are therefore displaced 
one-third cycle in time phase with respect to one another. 
These balanced components may be represented by three vectors 
drawn from the center of the equilateral triangle to the corners. 
The residual components of the voltages to ground from the 
conductors consist of three equal voltages which are in phase 
with one another and which may be represented by three ident- 
ical vectors drawn from the point representing the ground poten- 
tial to the center of the equilateral triangle. If the residual 
voltage is zero the point representing the ground potential will 
be at the center of the triangle. The residual voltage of the 
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system is defined as the vector sum of the voltages of the three 
conductors to ground. It is therefore, by definition, three times 
the residual voltage of the individual conductors, or three times 
the equivalent single-phase voltage of the three conductors in 
parallel with respect to the earth. It should be noted that the 
inductive effect of the residual voltage is equal to that of a single- 
phase voltage between ground and the three conductors in parallel 
equal to the residual voltage of the individual conductors or to 
one-third the residual voltage of the system. 

If one conductor is grounded the residual components (assum- 
ing the voltages between wires remain unchanged) will each 
equal the voltage between conductors divided by the square 
root of three, and the residual voltage of the system will be 
equal to the voltage between conductors multiplied by the 
square root of three. 

If a power circuit consists of a single conductor with ground 
return, the residual voltage will be equal to the voltage from 
the conductor to ground. 

The currents flowing in the three wires of a three-phase, 
three-wire circuit can be considered to be composed of three 
sets of currents; namely, (1) balanced components consisting 
of equal currents in each of the three line wires whose vector 
sum is zero, and which are, therefore, displaced one-third cycle 
in time phase with respect to one another; (2) a single-phase 
current flowing in a loop composed of two of the line wires; 
(3) a residual current divided equally between the three line 
wires and returning through the earth. The residual current 
of the three-phase circuit is defined as the vector sum of the 
three line currents. It is, therefore, the equivalent of a single- 
phase current through the three line conductors in parallel, 
with the earth completing the circuit. 

In the case of a power circuit consisting of a single conductor 
with a ground return the entire current flowing in the conductor 
is residual. 

In the above discussion, reference is made to three-phase, 
three-wire power circuits, but the analysis there given may be 
generalized so as to apply to a power system of any number of 
phases. Most electrical power transmission Systems are of the 
three-phase, three-wire type and subsequent statements will 
apply particularly to such Systems, unless otherwise stated. 

At a point in the vicinity of a power circuit, such as might 
represent the location of an element of a communication circuit 
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conductor, the resultant electromagnetic field due to the balanced 
currents would be zero if the power circuit conductors were 
equidistant from the point (disregarding the effect of the 
earth). In general, the power circuit conductors are not exactly 
equidistant from such point, and therefore the resultant electro- 
magnetic field due to balanced currents is not zero. For this 
reason, the balanced currents in the power circuit have unequal 
effects on the communication circuit, hence there is a resultant 
induction. For residuals, there is, in general, a much greater 
inequality in the distances between the affected conductors 
(or circuits) and the sides of the residual circuit (power con- 
ductors in parallel one side, earth other side) than in the dis- 
tances to the several power conductors, which constitute the 
circuit for the balanced components. Thus the resultant elec- 
tromagnetic field due to residual currents is large in comparison 
with the field set up by balanced currents of the same magnitude. 
It may be noted that the electromagnetic forces at any point due 
to residual currents in the different power conductors are in 
the same time phase, hence the inductive effects of all the 
residual components are cumulative and not differential as in 
the case of the balanced components. 

In a similar way it may be shown that residual voltages pro- 
duce proportionately far greater inductive effects than balanced 
voltages. 

Computations based on the physical characteristics of two of 
the parallels investigated show that, for an exposure near 
Salinas for eight miles with a 55,000-volt line on the opposite 
side of the county road from a communication line, one ampere 
of residual current produces as much induction in a ground return 
communication circuit as would forty amperes of balanced 
current; and one volt residual produces as much induction as 
one hundred and ten volts balanced. Similar computations 
based on the physical characteristics of an exposure between 
Santa Cruz and Watsonville, where the communication circuits 
are paralleled for seventeen miles by a 22,000-volt line on the 
opposite side of the county road, show that one ampere residual 
produces as much induction in a ground return communication 
circuit as would two hundred and forty amperes of balanced 
current; and one volt residual produces as much induction as 
twenty-five volts balanced. All of the above comparative 
values are for current and voltages of 60 cycles frequency. 

The above values illustrate the relative induction-producing 
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powers of balanced and residual currents and voltages in two 
specific cases. Such values will vary considerably for different 
parallels, but these cited may be taken, in a general way, as 
indicative of the relative severity of the effects on a single con- 
ductor produced by these two factors. Such values for a unit 
length of non-transposed circuit in any given parallel, are 
dependent upon the separation, height, and configuration of 
the conductors of the two classes of circuits, and upon the 
character and condition of the ground and neighboring objects. 
For the entire parallel, or total length of exposure, these values 
are further dependent upon transpositions. The actual amount 
of induction arising from each of the two components depends 
also upon the actual magnitudes and the frequencies of the 
components in the power circuit. 

It will be shown in Appendix III that inductive interference 
arising from balanced currents and voltages can be reduced by 
proper transpositions in the power circuit, but that power circuit 
transpositions do not reduce the inductive interference produced 
in a parallel communication circuit by residuals. Residual 
currents and voltages act inductively to produce the same effects 
as a single-phase grounded circuit operating with the three line 
conductors in parallel. This generally represents the worst 
possible condition from the standpoint of inductive interference. 
Transposing the conductors of the power circuit cannot reduce 
the inductive interference arising from residuals, except in so 
far as the magnitude of the res'dual voltages and currents is 
reduced by such transpositions. The effect of power circuit 
transpositions on the magnitude of these components is dis- 
cussed below. 

In the detailed discussion of transpositions in Appendix III 
it is shown that transpositions in a communication circuit can 
reduce the induced voltages from residuals only as between the 
two sides of a metallic circuit. 

In view of the above it is evident that attention must be given 
to the problem of restricting residuals to amounts which do not 
cause material interference either to grounded communication 
circuits or to properly transposed and balanced metallic circuits. 
2. Causes of Residual Voltages and Currents 

While a degree of balance of the voltages and currents of the 
power system may be obtained which satisfies all the practical 
demands of power operation, this may not be sufficient to pre- 
vent the production of residuals sufficient to cause serious in- 
ductive interference to parallel communication circuits. 


_—— 
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Residual currents and voltages may arise from one or more 
causes which act singly or together. The principal sources of 
residual currents and voltages are: 

1. Unbalanced loads between the three phases and the neutral of a 
grounded star-connected system. ' 

2. The introduction of the third harmonic and its odd multiples as 
residual current and voltage due to certain apparatus and connections 
employed on a grounded star-connected system. 

3. Unbalanced capacity and leakage between the several phases of the 
system and ground. This applies more particularly to systems isolated 
from ground. 

There are two principal types of commercial three-phase 
power circuits used in California: 

1. The grounded neutral circuit or network in which all important 
generating points have a grounded neutral and in which all or part of the 
receiving points may be connected with a grounded neutral. No resis- 
tances are inserted between the neutrals and ground. 

2. The isolated circuit or network which normally has no metallic 
connection to ground at any point. 

The characteristics of the grounded neutral system with | 
particular reference to residuals are as follows: 


Under Normal Conditions. 

(a) The impedances between line conductors and ground are 
determined very largely by the load impedances of the trans- 
formers. With balanced loads the residual voltage other than 
the third harmonic and its odd multiples may be eliminated. 

(b) The effect of unbalanced loads on the residual voltage 
is small, as the tendency of generators and transformers is to 
maintain equal voltages between the several conductors and 
ground. 

(c) With balanced loads the residual current, other than the 
third harmonic and its odd multiples, may be eliminated. 

(d) Unbalanced loads between line and neutral cause cor- 
responding residual currents, which will be large if the unbalance 
is large, as such unbalanced load currents flow through the neutral 
to earth. 

(ec) The varying permeability of the iron in star-connected 
transformers with grounded neutrals introduces the third har- 
monic and its odd multiples as residual voltages and currents. 
The use of delta-connected secondary windings reduces this 
effect greatly below that of star to star connections. 

(f) Grounded star-connected generators connected directly 
to the line or through grounded star to star-connected banks of 
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transformers, may introduce the third harmonic and its odd 
multiples as residual voltages and currents. 


Under Abnormal Conditions 

(g) A ground on one phase short-circuits that phase through 
the neutral connection and causes a residual current through- 
out the whole length of the circuit, this current being practically 
equal to the short-circuit current to ground on that portion of 
the circuit between the sources of power supplying the fault and 
the point where the circuit is grounded. A large residual voltage 
(approaching as a maximum 58 per cent of the voltage between 
phases) will be createdin proximity to the fault, and, if the low- 
tension side of the receiving transformers is star-connected, 
throughout that portion of the circuit between the fault and such 
receiving transformers. If the neutral of the receiving trans- 
formers is isolated, the short-circuit current will exist only 
between the source of supply and the fault and there will be no 
residual current between the fault and such receiving transformer. 
The above-mentioned residual voltage will in this case exist 
not only in proximity to the fault on the supply side but also 
throughout the length of circuit from the fault to the receiving 
transformers. The power circuit is rendered inoperative. 

(h) An open condition of one phase causes a large residual 
current, as the unbalanced load currents of the other two phases 
must flow through the neutral to earth. A large residual volt- 
age will exist beyond the fault if the low-tension side of the 
receiving transformers is star-connected. The power circuit 
may not be rendered inoperative for three-phase supply beyond 
the fault, in case the receiving transformers are grounded star- 
delta connected. 


The characterisitics of the isolated system with particular 
reference to residuals are as follows: 


Under Normal Conditions 

(a) The impedances between line conductors and ground are 
determined by the electrostatic capacities and the leakage 
between the several conductors and ground. With balanced 
loads a residual voltage may exist due to unbalanced capacity 
and leakage. Such residual voltage as is due to unbalanced 
capacity may be eliminated by transposing the circuit so as to 
equalize the electrostatic capacities to ground of the severa] 
phases. If there are single-phase branches making the total 
lengths of the three conductors unequal, this will introduce 
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inequalities among the capacities to ground which it may not be 
possible to balance by transpositions. Inequalities in capacity 
or leakage result in unequal voltages between the different line 
conductors and ground. 

(b) The effect of unbalanced loads on the residual voltage is 
very slight. 

(c) With balanced loads a small residual current consisting of 
unbalanced charging current may flow, due to non-uniform dis- 
tribution of unbalanced capacity and leakage. 

(d) Unbalanced loads have but a slight effect upon the residual 
current. 

(e) The transformers cannot introduce the third harmonic 
and its odd multiples as residual voltages or currents. 

Note: Due to unsymmetrical three-phase connections sométimes 
employed (such as open-delta and Scott connections) the third harmonic 
and its odd multiples may appear in the voltages between lines and in the 
line currents, creating dissimilarities in the wave forms for the several 
phases. These harmonic components of the line voltages and currents are 
affected by unbalanced capacity and leakage in the same way as any other 
components as may appear in the residuals. It should be noted, however, 
that such harmonics are not impressed directly upon the line as residuals 
as is the case with grounded neutral systems. 


(f) The generators cannot introduce the third harmonic and 
its odd multiples as residual voltages and currents. 


Note: If a two-phase generator containing a third harmonic in its 
voltage wave supplies the line through Scott or other two- to three-phase 
transformer connections the third harmonic will appear in the voltage 
between lines. Subject to the conditions of the circuit as regards capacity 
and leakage balance, this harmonic along with all others may or may not 
appear in the residuals. 


Under Abnormal Conditions 

(g) A ground on one phase causes a large residual voltage 
(173 per cent of the voltage between phases) throughout the entire 
length of the circuit. A residual current will be created in prox- 
imity to the fault, its magnitude increasing with the extent, 
voltage and frequency of the system. The power circuit may 
not be rendered inoperative and the power company operators 
may be unaware of the existence of the abnormal condition. 
In some cases the residual voltage and current are greatly 
augmented by the resonant effects accompanying arcing grounds. 

(h) An open condition of one phase may cause a large residual 
voltage, a certain amount of residual current will flow, due to the 
interchange of unbalanced charging current, between sections 
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of line on either side of the fault. The power circuit is rendered 
inoperative for three-phase supply beyond the fault. 

A consideration of the characteristics of the two types of 
systems indicates that under normal operating conditions, with 
balanced loads upon all phases, the residuals of the grounded 
neutral system may be limited to the third harmonic and its 
odd multiples. The magnitude of these harmonics is dependent 
largely on the type of connection on the low-tension side of the 
transformer banks, the delta being preferable to star connection. 
Under the same condition the residuals of the isolated system 
may be limited to those resulting from unbalanced leakages to 
ground, which should be small on a well-maintained system. 
The effect of an unbalance in the loads connected between con- 
ductors upon the residuals of either type of system is small, 
while the effect of an unbalance in the loads connected between 
conductors and ground upon ‘a grounded neutral system is to 
cause a residual current which is proportional to the amount of 
such unbalance, which will be large if the unbalance is severe. 
The residual current due to this cause, consists of the fundamen- 
tal and all harmonics present in the line currents, in addition to 
which the third and its odd multiples are introduced as before 
by the varying permeability of the transformer iron, and in some 
cases by the generators. 

Under abnormal conditions both types of systems give rise 
to residuals which are liable to cause interruption and damage to 
parallel communication circuits. The most frequent abnormal 
condition which produces severe interference is an accidental 
ground. A ground on one phase of a grounded star-connected 
system creates a severe and wide-spread electromagnetic un- 
balance, giving rise to corresponding inductive effects. This is 
accompanied by an electrostatic unbalance in the vicinity 
of such ground. On the lower voltage systems this latter effect 
is relatively of little importance. On the other hand, a ground 
on one phase of an isolated system creates a severe and wide- 
spread electromagnetic unbalance, giving rise to corresponding 
inductive effects. This is accompanied by an electromagnetic 
unbalance in the vicinity of the ground. On small low-voltage 
isolated systems, such electromagnetic unbalance is relatively 
of little consequence, but it should be noted that with increased 
voltage and extent of the system such effects do become of 
great importance, giving rise to electromagnetic disturbances 
in exposed communication circuits in addition to the electro- 
static disturbances. 
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The magnitude of the inductive effects from either type of 
system is dependent upon the character of the exposure, extent 
of the power circuit and other factors which render it impossible 
with the information at hand to draw a definite conclusion as to 
the relative total amounts of interference inherent with the two 
types of system. Furthermore, it is not necessarily true that 
either type of connection has an advantage from the inductive 
interference standpoint for power systems of all sizes and voltages. 


3. Means for Preventing or Reducing Residual Voltages and 
Currents 

To minimize or prevent residual voltages and currents ane to 
cause 1, it is necessary to equalize as closely as practicable at 
all points the load between the several phases of the circuit and 
the neutral, or to remove the ground path for unbalanced load 
currents, thus allowing a grounded neutral at one end of the 
circuit only. As it is difficult, if not impossible, to maintain all 
loads in a state of equilibrium at all times, the latter method has 
the advantage of greater reliability. 

Single-phase connections to ground should not be employed. 
Where single-phase loads or unbalanced three-phase loads must 
be supplied, the transformers supplying such loads may be con- 
nected across the line wires, or may be connected star to delta, 
with the neutral not grounded. It should be noted that single- 
phase or unbalanced three-phase loads on the low-tension or 
delta side of grounded star to delta-connected transformers pro- 
duce effects on the high-tension side similar qualitatively to 
single-phase loads between line and ground, but these effects are 
greatly reduced in magnitude by the inherent balancing influence 
of transformers so connected, due to the fact that all three trans- 
formers participate in supplying such a single-phase load. 

Residuals which arise from cause 2 may be greatly reduced 
by means of certain types of connections for generators and trans- 
formers. Thus for example, connecting the secondary windings 
of the transformer banks in delta largely suppresses these 
components of the residual voltage and current but does not en- 
tirely prevent them. Where the transformers are connected 
grounded star to star, these components can be, to a certain 
extent, kept out of the line by the use of a second bank of trans- 
formers having a delta connection on one side and a star con- 
nection on the side in common with the first bank, with the neu- 
trals interconnected. 

The possibility of the introduction of third-harmonic residuals 
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on the line due to the use of grounded star-connected generators 
may be avoided by the employment of transformers between 
generators and line, the windings on the generator side of the 
transformers being isolated from ground. 

To eliminate or reduce residual currents and voltages which 
may be due to cause 3, it is necessary to transpose the conductors 
of the power circuit so as to equalize the electrostatic capacities 
of the several phases to ground, and this equalization must be 
attained within distances sufficiently short to prevent the 
accumulation of large unbalances. With a horizontal arrange- 
ment of conductors, the capacities to ground are more nearly 
equal that with the triangular or vertical arrangement. It is 
probable that the electrostatic capacities are the controlling 
factors in determining the residual voltage and current of an 
isolated system under normal operation, and while an investiga- 
tion of the extent to which such residuals may be reduced by 
properly spaced transpositions has not yet been made, it is rea- 
sonable to suppose that transpositions will be substantially 
effective. The effect of unbalanced leakage cannot be controlled, 
except through proper construction and maintenance of the 
power system. It is to be noted that the maintenance of the 
system free from accidental grounds and partial grounds be- 
comes increasingly difficult the larger the extent of the power 
network. 

On a grounded star-connected system, the electrostatic 
capacity and the leakage of the several phases to ground are 
relatively less effective in producing residual voltage, as on such 
systems the voltages to ground are determined almost entirely 
by the generators and transformers. 


4. Discussion of Tests. 

Having given a general analysis of the causes and effects of 
and means to reduce residual currents and voltages, it is desirable 
to call attention to the results of tests which have been conducted, 
which have a bearing on this subject. 

At Salinas, the effect of grounding or isolating the neutral of 
the auto-transformers, which have also a secondary delta wind- 
ing, was investigated. These auto-transformers are supplied 
at 55,000 volts over a transmission line which parallels the cir- 
cuits of The Pacific Telephone and Telegraph Company in what 
have been termed exposures No. 1 and No. 2. These auto- 
transformers in turn supply a 33,000-volt line of the Coast Valleys 
Gas and Electric Company, extending from Salinas to King City, 
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a distance of approximately 45 miles, and paralleling throughout 
practically this entire length, the coast route toll lead of The 
Pacific Telephone and Telegraph Company. These same 
telephone circuits are involved in the parallels with the 55,000- 
volt line north of Salinas. In addition to supplying the King 
City line this bank of auto-transformers at Salinas supplies a 
22,000-volt line extending to Monterey, a distance of approxi- 
mately 18 miles. Aside from the ground on the transformer 
neutral at Salinas, there are no ‘grounds on either the 33,000- 
volt line or the 22,000-volt line. The 55,000-volt line supplying 
the Salinas transformers is energized at the Guadalupe sub- 
station of the Sierra and San Francisco Power Company, ap- 
proximately 73 miles distant from Salinas, through grounded 
star-connected auto-transformers, which have delta-connected 
secondary windings, and which are supplied by the 104,000-volt 
line of this same system which operates with grounded neutral 
connection at its main generating station and substations. It 
will be understood from this statement of conditions that the 
neutral current at Salinas is not identical with the residual 
current of any one of the three high-tension lines which are con- 
nected together by these auto-transformers. The condition 
of the Salinas neutral affects the induction arising from the several 
exposures through its effect on the residual currents and voltages 
of the high-tension lines connected to the auto-transformers at 
that point. A representative value of the neutral current at 
Salinas during these tests is 0.3 ampere. It is composed almost 
entirely of the ninth harmonic, the fundamental and the third 
harmonic, their magnitudes decreasing in the order named. 
With the’power system in normal operation, isolating the neutral 
of the auto-transformers at Salinas‘did not greatly affect the re- 
sultant induction in the particular exposures under observation. 
The values in the following table, taken from the data of the tests, 
indicate the effect of the condition of this neutral on the residual 
currents of the 55,000-volt and the 33,000-volt lines. 
RESIDUAL CURRENT AT SALINAS—AMPERES. 
33,000-volt line. 


55,000-volt line. 


Order 
of Neutral at Salinas Neutral at Salinas 
Harmonic 
Grounded Non-Grounded Grounded Non-Grounded 
1 0.120 0.057 0.061 0.073 
3 0.054 0.160 0.075 0.120 
9 0.073 0.100 0.120 0.075 
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Two reasons may be given for the fact that the condition 
of the Salinas. neutral does not greatly affect the resultant resid- 
ual current of these lines: (1) the load balance on these lines 
is such that a relatively small amount of load current flows 
through this neutral: (2) as three high-tension lines are connected 
together by these auto-transformers, opening their neutral con- 
nection to ground does not completely eliminate the path for the 
residual current of any one of the three lines, since it may then flow 
to earth through the admittance to ground of the other two lines. 

These particular conditions are not commonly found, but a 
similar condition, in that there is a path to ground for residual 
current aside from the neutral connection, prevails in any case 
where the power circuit extends for a considerable distance 
beyond such neutral connection. The investigation showed, 
for the conditions which applied to the 55,000-volt line, that 
removing the neutral ground connection beyond the parallel 
decreased the fundamental and increased the third and ninth 
harmonics in the residual current as shown in the above table. 
It is not be concluded, however, from this one case, that the 
third harmonic and its odd multiples in the residual current 
would in all cases be increased by removing the neutral ground 
connection of a bank of receiving transformers where the cir- 
cuit extends beyond the point of measurement of such residual 
current. If the circuit is terminated at the transformer bank, 
the removal of the neutral ground connection must eliminate the 
residual current at that point. 

In the case of the 33,000-volt line, the grounding of the 
neutral at Salinas merely gave another and nearer grounded 
neutral point on the line supplying power but did not give a 
grounded neutral point in each direction from the point of mea- 
surement of the residuals as it did in the case of the 55,000- 
volt line. As the 33,000-volt line has no grounded connection 
beyond Salinas, the residual current must flow to ground en- 
tirely through the admittance of this line to ground. The 
residual current, therefore, diminishes to zero at the King City 
end of the line. Isolating the neutral of the Salinas trans- 
formers affects the constituents of the residual currents in this 
line arising from the Salinas transformers, and those impressed 
by the 55,000-volt line, in such a way that they combine vec- 
torially to give a different resultant from that with the Salinas 
neutral grounded. The result is to increase the fundamental 
and third harmonic and to decrease the ninth harmonic when 
the neutral is isolated. The residual current in the 22,000-volt 
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line was not determined, but residual voltage measurements 
were made with the Salinas neutral isolated and grounded and 
the results are included in the following table, from which it 
may be noted that the fundamental, third and ninth harmonics 
were all greater with the Salinas neutral isolated. 

The banks of star-connected auto-transformers at the Guad- 
alupe and Salinas substations are provided with closed-delta 
secondary windings, which in the case of Salinas supply power 
for local consumption. An experimental opening of the delta 
at Salinas demonstrated, as would be anticipated, that the use 
of such delta-connected secondary windings reduces, in a large 
measure, the third harmonic introduced by these transformers 
in comparison with its value without the use of such delta- 
connected windings. If grounded star-connected transformers 
are used, it is important, therefore, from the standpoint of in- 
duction, to provide such transformers with closed-delta-con- 
nected secondary windings or with other means of reducing the 
third harmonic and its odd multiples. Such means may, how- 
ever, in some cases be insufficient to reduce the residuals to 
such low values that they will not produce harmful inductive 
interference to parallel communication circuits. 

The investigation on the system of the Coast Counties Gas 
and Electric Company shows results which are summarized 
in the following table with reference to the residual current and 
residual voltage. Santa Cruz, where the measurements were 
made, is 20 miles from one source of supply and 75 miles from 
the other end of the line, where power was also supplied. For 
the sake of comparison the averages of the residual voltage of 
the 22,000-volt line between Salinas and Monterey, a distance 
of 18 miles, are also given: 


Residual Current 
Residual Voltage—volts. amperes 
Order of Salinas 
Harmonic 
Santa Cruz Neutral Santa Cruz 
| Grounded Non-Grounded 
1 360 | 50 90 0.094 
3 — 150 320 —_— | 
9 19 | 40 50 0.021 
11 14 — — 0.017 
13 10 | eS == = 
23 hae 14 — a — 
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The system of the Coast Counties Gas and Electric Company 
is isolated from ground and employs a number of Scott-con- 
nected and open-delta-connected transformers. The residuals 
at Santa Cruz on this system are composed principally of funda- 
mental, ninth and eleventh harmonics. The fundamental is 
predominant. The third harmonic is absent or too small to 
measure accurately. It should be noted here that the use of 
Scott- and open-delta-connected transformers permits the third 
harmonic and its odd multiples to exist in the line voltages and 
currents of a three-phase isolated system. In all probability 
the residuals on this system are caused by unbalanced admit- 
tances to ground of the power line conductors. As has already 
been pointed out, that part of the unbalance due to electrostatic 
capacity could be greatly reduced by properly spaced trans- 
positions in the power circuit. In contrast to the results at 
Salinas, the residuals of this system exhibit a prominent funda- 
mental and the absence of, or relatively small amounts of, the 
third harmonic and its odd multiples. 


APPENDIX III 
TRANSPOSITIONS 


The sources of the disturbances in communication circuits, 
which arise from parallel power circuits, have been treated in 
the first section of the preceding appendix. The effect of trans- 
positions on the induction in communication circuits produced 
by parallel power circuits wil] now be considered. 

This appendix comprises the four following sections: 

1. Effect of Transpositions in Reducing Induction. 


2. Characteristics of Present Transposition Systems. 
3. Characteristics of Proposed Transposition Schemes, _ 
4. Results of Tests. 


1. Effect of Transpositions in Reducing Induction. 

Transposing a circuit is the interchanging of the positions 
occupied by the conductors. 

By transposing a power line the phase of the resultant elec- 
tromagnetic field due to balanced currents and the phase of the 
resultant electrostatic field due to balanced voltages is changed, 
and the induction is reduced by the production of neutralizing 
effects in the neighboring lengths of a parallel conductor. Thus, 
by locating the power circuit transpositions so that each con- 
ductor occupies all of the several possible conductor positions 
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for equal distances, a section or “barrel” is obtained within 
which the resultant induction on a parallel conductor due to 
balanced currents and voltages is completely neutralized, neg- 
lecting attenuation and remanent electrostatic effect and as- 
suming the parallel is uniform throughout the barrel. 

Inasmuch as residual currents and voltages are in phase in 
the several conductors, the transposition of the power circuit 
does not reduce the inductive effects therefrom in a parallel 
conductor, except as the magnitudes of the residual currents 
and voltages are reduced by the power circuit transposition. 
(See Appendix IT). 

As usually constructed, the conductors of a telephone circuit 
are close together as compared with their distances to a power 
line, and the circuit is usually isolated from ground. Could the 
conductors of a metallic communication circuit be located at 
the same point in space, as is approximately true of a pair of 
wires twisted together, the resultant electromagnetic and elec- 
trostatic induction between the sides of the communication 
circuit would be zero. The voltage induced along the conduc- 
tors of the telephone circuit and the induced voltage to ground 
would be present but would not be effective in producing any 
voltage between the conductors of the telephone circuit, provided 
the capacity and leakage to ground of each side of the telephone 
circuit were equal. On overhead lines the conductors of a 
metallic communication circuit must be at least several inches 
apart, hence in general when paralleled by a power line, the 
resultant electromagnetic and electrostatic induction in the two 
conductors will be unequal in magnitude. The result is that a 
voltage exists between the sides of the circuit which causes a 
current to flowin apparatus connected between the conductors, 
such as a telephone receiver. 

Transpositions in communication circuits tend to equalize 
the induction in the two sides of the circuits by exposing each side 
equally to the influence of the power circuit, that is, by reversing 
in successive lengths the phase of the induction between the 
two sides of the circuit. 

In an exposure where the induction from unbalanced currents 
and voltages would be completely neutralized by the power cir- 
cuit transposition system if there were no communication circuit 
transpositions, or where such induction would be completely 
equalized by the communication circuit transpositions if there 
were no power circuit transpositions, this induction will practically 
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always be partially cumulative if both power and communication 
circuit transpositions are installed without due reference to each 
other. It should be noted, however, that the maximum dis- 
turbances which may be set up in a parallel communication 
circuit by balanced currents and voltages in the power circuit 
will be present when neither the power circuit nor the communica- 
tion circuit is transposed. Hence it is very important that the 
power and communication circuit transpositions be properly 
located with respect to each other and in this way only can the 
maximum benefits from the transposition be derived. 

Induction from residual currents and voltages is reduced by 
communication circuit transpositions. 

If the communication circuit has a ground return, it cannot be 
transposed and the power circuit transpositions alone will be 
effective in reducing interference arising from the balanced 
currents and voltages. Also, the induction into a ground return 
communication circuit from residual currents and voltages is 
not affected by transpositions, except indirectly, as previously 
stated. It is possible, though not of general practical applica- 
tion, to obtain the effect of a transposition in a grounded alter- 
nating-current power or communication circuit by means of a 
transformer or repeating coil. 

Induction between wires and ground is harmful to metallic as 
well as to ground return circuits, for in case the metallic circuit 
is not perfectly balanced electrically, such induced voltage forces 
a current to circulate in the metallic circuit through the terminal 
apparatus. It is not practical to maintain communication cir- 
cuits in a state of perfect balance at all times. 


2. Characteristics of Present Transposition Systems. 

The transposition systems used on long distance metallic 
telephone circuits are designed primarily to reduce the “ cross- 
talk” or induction from one telephone circuit into another and 
provide for a high degree of balance between any circuit and all 
others on the line. 

The length of standard balanced telephone transposition sec- 
tions used by The Pacific Telephone and Telegraph Company is 
approximately eight miles (more exactly, 41,600 feet), and this is 
representative of the length of sections of the transposition 
systems used by other companies operating similar lines. To 
improve the transmitting qualities of telephone circuits used for 
long distance work, loading coils are introduced in certain circuits 
at the ends of the standard transposition sections. Uniform 
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spacing of the telephone ‘‘S”’ poles (end poles of transposition 
sections) is an important consideration in the application of 
loading. It is important that the induction be neutralized in 
each section between loading points, as these are points of dis- 
continuity in the circuits. 

The system now used also provides for the transposition of 
every circuit at actual intervals ranging from one-quarter mile to 
two miles, the average intervals for different circuits varying from 
approximately one-quarter mile to three-quarters of a mile, 
hence every circuit is to a certain extent balanced to induction 
from parallel power circuits. * 

In addition to the metallic circuits composed of two conduc- 
tors, the telephone companies employ phantom circuits which are 
made up from two physical (two-wire) circuits. Each “ con- 
ductor ’’ or side of the phantom circuit consists of the two con- 
ductors which form one physical circuit. As usually made up, 
the physical circuits occupying adjacent horizontal positions 
are used for the phantom circuit. Hence, the average dis- 
tance between the sides of the phantom circuit is equal to twice 
the distance between the conductors of the physical circuits. 
Due to the greater distance between the sides of the phantom 
circuit as compared with the physical circuits, the phantom 
circuits are more subject to inductive interference than the 
physical circuits. The phantom circuit possesses marked advan- 
tages in economy and transmission efficiency over the physical 
circuits composing it, hence, is extensively used for the longer 
distances. The transpositions in the phantom circuits are 
spaced at average intervals, for different circuits, varying approxi- 
mately from three-quarters of a mile to two miles. 

The purpose of transposition systems applied to power circuits 
has been to reduce the disturbance in parallel communication 
circuits and in some cases to equalize the separation of the pairs of 
conductors forming the several phases. Usually when transposi- 
tions have been applied to power circuits to reduce the distur- 
bance in existing parallel communication circuits, one or more 
complete barrels have been provided within the total length of 
the exposure. The best obtainable results from power circuit 
transpositions will be had only when they are located with due 
regard to the transposition points of the communication cir- 
cuit. No such practise as this has been followed in the 
past. The transposition systems heretofore applied to parallel 
power and communication circuits have therefore failed to meet 
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the requirements for maximum effectiveness. Hence, balanced 
currents and voltages in the power circuits have, in general, 
caused more disturbance than necessary in parallel communica- 
tion circuits. 


3. Characteristics of Proposed Transposition Schemes. 

It would be possible to fulfill the conditions for balance with 
regard to induction arising from balanced currents and voltages, 
by cutting a ‘‘ barrel ” into the power circuit between successive 
communication circuit transpositions. Inasmuch as telephone 
transposition points are ordinarily spaced at one-fourth mile 
intervals, this solution in the case of a three-phase power circuit 
would necessitate transpositions at an average spacing of one- 
eighth mile and a minimum spacing of one-twelfth mile, which is 
impracticable in most cases. 

It would be possible to satisfy the conditions for balancing 
the induction in metallic circuits, from both balanced and 
residual currents and voltages, by installing any completely bal- 
anced system of communication circuit transpositions between 
each two successive power circuit transpositions, Assuming 
twelve-mile ‘ barrels’ in the power circuit, the conditions for 
balance could be fulfilled with the present standard telephone 
transposition system. However, with power circuit barrels of a 
length such as is essential in most parallels, this solution would 
require the redesign and relocation of all telephone transpositions 
in the exposure, involving several times as many transpositions as 
are normally require, with the liability of interference with the 
location of loading coils. 

Both the above solutions satisfy the conditions for balancing 
the induction in metallic circuits, arising from residuals, in a 
length of circuit equal to twice the distance between successive 
communication circuit transpositions, assuming these are 
uniformly spaced. In the standard transposition section as now 
used, balance is thus obtained in distances varying from an aver- 
age of approximately one-half to four miles. 

Between these two comparatively simple but extreme solutions 
the practical but more complicated solution for general cases is 
to be obtained. This involves the combination of power circuit 
barrels of moderate length with a modified communication cir- 
cuit transposition system designed to procure balance as far as 
practicable for all circuits. In this way coordinated transposi- 
tion systems may be designated which are sufficiently flexible 


1914] REPORT ON INDUCTIVE INTERFERENCE 1479 


to meet the requirements of short parallels and portions of longer 
parallels separated by points of discontinuity. 

In the discussion above with reference to schemes of trans- 
positions, the balances or unbalances mentioned are those which 
would occur, due solely to the relative locations of transpositions, 
in an exposure whose physical characteristics are uniform through- 
out. Even witha scheme of transpositions, balanced in the sense 
described, applied to both power and communication circuits 
involved in an actual parallel, there are a number of factors as 
noted below, which in general are not capable of being taken into 
account quantitatively and because of which effective neutrali- 
zation may not be obtained. These factors are: 


1.. Non-uniformity of separation, configuration and other physical 
characteristics. 

2. Variation in magnitude and phase of the inductive effects along 
the exposure (applying particularly to the higher frequencies.) 

3. Inherent inability of transpositions to completely neutralize 
electrostatic induction (this remanent effect can be reduced as far as 
desired by inserting a sufficient number of transpositions.) 

4. Imperfect electrical balance of the communication circuit. 


While these factors which prevent complete neutralization of 
the induction cannot be entirely eliminated, their effects can 
be abated by reducing the length of balanced transposition 
sections. Thus it is not sufficient merely to install transpositions 
in both lines so that they are balanced to each other, but, also, 
it is necessary to take into consideration the length of section 
within which balance is obtained and to make this length as 
short as the conditions of the particular case require. 

Points of discontinuity, such as abrupt changes in power line 
current where a material amount of load is taken off, cross-overs, 
or substantial changes in separation, should, if practicable, be 
made neutral points (junction points of balanced sections) in 
the transposition scheme. Where cross-overs occur balance 
should in general be obtained independently for the portions of 
the communication line on each side of the power circuit. 

The transposition system and the location and spacing of 
transposition poles are factors of prime importance in the suc- 
cessful operation of telephone lines, on account of the mutual 
effects among the many circuits carried on such lines. On the 
other hand, transpositions in power circuits are, relatively, of 
minor importance in the operation of a power system and from 
this standpoint the effect of small changes in the location of such 
transpositions is negligible, Hence, in general, the requirements 
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of the communication circuits are the chief factors which should 
govern the location of all transpositions in both power and 
communication circuits. 

Anindividual study is necessary to determine the best procedure 
for any given parallel, owing to the wide variation in conditions. 
Thus only is it possible in each case to determine the best location 
and method of transpositions with regard to the requirements of 
both power and communication systems. 


4. Results of Tests. 

The investigation at Salinas demonstrated that the induction 
in a ground return circuit in the exposures concerned, arises 
principally from the residual voltages and currents while the 
induction in a metallic circuit shows principally the character- 
istics of the balanced voltages and currents together with some 
effect from the residuals. This result was to be expected, as 
there are power circuit transpositions which reduce the induc- 
tion in the conductors used as ground return circuits, due to 
the balanced components, but these transpositions and the trans- 
positions in the telephone circuits are improperly located with 
respect to each other and therefore are inefficient as regards 
the induction in the metallic circuits. On the other hand, the 
telephone transposition system tends inherently to reduce the 
induction in the metallic circuits, arising from residuals. A 
study of the relative location of power and telephone circuit 
transpositions for exposure No. 2 at Salinas, indicated that by 
modifying the present transpositions of both circuits dheas 
possible to reduce materially. the induction from balanced cur- 
rents and voltages. Had it been feasible to take the power 
circuit out of service for the purpose of experimental retrans- 
position, the above scheme, as well as one for the King City 
exposure, would probably have been installed and the effects 
thereof experimentally determined. Under the conditions exist- 
ing, however, it was deemed advisable to postpone the matter 
of transpositions for both these exposures, pending the acqui- 
sition of further information as to the extent to which retrans- 
position would be warranted as a permanent improvement. 

The experimental study of transpositions was, therefore, 
transferred to another point where a power line is not the sole 
source of supply and can, therefore, be shut down for altera- 
tions and tests under special conditions. 

The experimental determination of the practical effectiveness 
of transpositions has not been completed. However, an ex- 
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tended theoretical study of transpositions has been made, 
including the design of a modified telephone transposition system. 
This system, which requires many additional transpositions, is 
more flexible in its properties of coordination with different 
lengths of power circuit “barrels”. 

A study made to determine the relative efficiency of various 
schemes of transpositions designed for the Santa Cruz-Watson- 
ville exposure of The Pacific Telephone and Telegraph Com- 
pany’s toll lead to the 22,000-volt line of the Coast Counties 
Gas and Electric Company, emphasizes the following general 
principles: 

1. The necessity of proper relative location of power and telephone 
circuit transpositions. 

2. The importance of the effect of cross-overs and the desirability of 


making them neutral points in the transposition scheme. 
3. The necessity of some modification of the telephone transposition 


system. 


APPENDIX IV 


APPARATUS 


For the proper conduct of its tests and experiments the Joint 
Committee on Inductive Interference has secured, either through 
purchase or on loan account from various power and communi- 
cation interests, apparatus of an aggregate value of over twelve 
thousand doilars. 

The following is a brief schedule of the property in use by 
this Committee, together with its estimated replacement value: 


Buildings (Portable Laboratory).......... 0.0 se ener nese cece ters seenens $ 480.00 
TD iraent renqesmrmal Miaabbgese pn modcos dio eka duc WeIDOIb Dolo Sino oer Ct sci DIGI Ion Oi 128.00 
Apparatus—Oscillograph...........-e sees cree ee eens $1,115.00 
(OMRON. 5 erred clk Da Bo QD LON eee Oe a ed O20 600.00 
IMotore Generator etonimn ele dhstels 2 seule us aun ates ats cs 260.00 
ME LESS ett RI aie ere os aye ato are BEDS © eee «wrens 1,202.50 
ALE CTICS Meee nO ete eres) Glauihs sin ated ciel evel a sifera leur 100.00 
(Qrarat rons = ele ee cite ed Caeacio aro ne Een oOo Rao 990.00 
lsfetalegas, Gotan acon tema geodon Datu ce sno min cod Mi 675.00 
(Galwanometerseeeticin. ects iete te tert aie oes fonole = re . 265 .00 
TPA EY Taya WR REED i O01. Oe, 0 ho ClO Race oo Os OIE rca 734.80 
Sorat ch bOardssceiecercn lier se iene et olen esse ieteus sams ato le:.° 135.40 
Mises Apparacise er ay aiberter islet tes slat tare 2-1 1,505.00 
Goilsvand Relays siemens erie sre sacle 645 .00 
TPranslOrtmecss ayaa atta tears Ceteher sl eon siei=iehierectsiece 2,412.50 
INMiscellancotis sani eri emmenchels thet cae. sren-r= 787 .00 
293 .60 11,820.80 


Photographic martevsmley ata rketleieliels =1-iley eile nis) ois ¢ 2 


(Grand MOtal seis cies) steleisisl atc $12,428.80 
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The above property is owned by the Joint Committee on 
Inductive Interference and various power and communication 
companies, as follows: 


Joint Committee on Inductive Interference.........0..-...00.00e ce eeeeeeeee. $ 1,251, 15 

The Pacific Telephone and Telegraph Company and 

American Telephone and Telegraph Comp amy 3 sven none ADO Dae hn Lore 8,293.65 

Sierra and San Francisco Power COMPANY ie oc weal oe nee ete a ae nee 2,002.50 

San Joaquin Light and Power Company} ts Sats ee ee eee 300.00 

Lactic Gas and Electric Company sama seers. ieee ones eee 110.00 

Western Union Telegraph: Company. ..:......000ccseceeleceeiesscccucse..., 235.00 

Testing Forba, o 74 isancithtleswhte Sepa eR eee kg IN 256 . 50 
ROLAL eit Soe ce $12,428.80 

APPENDIX V 
: List oF TECHNICAL REPorRTS 


The following is a list of the technical reports which have 
been prepared in connection with the investigation of the Joint 
Committee on Inductive Interference: 


Technical 
Report 
No. Subject 
il, General outline of tests to be made at Salinas on parallels between 


lines of the Sierra and San Francisco Power Company, the Western 
Union Telegraph Company, the Southern Pacific Company, and 
The Pacific Telephone and Telegraph Company. (6 pages. ) 


2. Summary of results of tests at Morganhill on parallel between 
lines of the Coast Counties Gas and Electric Company and The 


Pacific Telephone and Telegraph Company between Morganhill 
and Gilroy. (8 pages.) 


on A description of the noise standard in use for measuring noise on 
telephone circuits in terms of a standard unit. (4 pages) 

4, A description of the instruments and methods used for the 
measurements of effective values of induced voltages and currents. 
(2 pages. ) 


or 


A description of apparatus and connections used in measuring 
line and residual currents and voltages of power circuits. (6 pages) 


6. Tests of the effects of opening the secondary delta of the auto- 
transformer bank at Salinas. (7 pages) 


~I 


Tests of the induction in the block signaling circuits of the 
Southern Pacific Company paralleled by the Salinas-King City 
circuit of the Coast Valleys Gas and Electric Company. (4 pages.) 
8. Tests of the induction in the telephone circuits of exposure 
No, 2 at Salinas under normal operating conditions of the power 
system, with particular reference to the effects of grounding and 
isolating the neutral of the Salinas auto-transformers. (16 pages) 
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9. 


10. 


ii, 


12. 


13. 


14. 


15. 


16. 


ilar 


18. 


iLO: 


20. 


21. 
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Experimental determination of the coefficients of induction for 
residual currents and voltages in exposure No. 2 at Salinas. 
(4 pages.) 

Measurements of the harmonics of the neutral current at Salinas. 
(4 pages.) 

Investigation of current transformers, ratios, and errors due to 
the use of current transformers under the conditions of the tests. 
(21 pages) 

Formulae for the computation of electrostatic and electromag- 
netic induction from power circuits in neighboring communication 
circuits. (18 pages) 

An investigation of errors in measurements of residual voltage 
due to the potential transformers used and a discussion of the 
method of measurement at Salinas. (30 pages) 


Comparative tests of the noise in exposed telephone circuits 
with power on and off the 55,000-volt power circuit of the Sierra 
and San Francisco Power Company between Guadalupe and Sa- 
linas. (8 pages) 

Supplementary to Technical Report No. 8, differing from the 
earlier report in that the telephone circuits were shielded. Con- 
tains a discussion of transpositions. (22 pages) 


Tests of the induction in telephone circuits exposed to the Coast 
Counties Gas and Electric Company’s 22,000-volt line between 
Morganhill and Gilroy with the power circuit untransposed and 
open at Gilroy. (4 pages) 

Tests of the induction in telephone circuits exposed to the Coast 
Counties Gas and Electric Company’s 22,000-volt line between 
Morganhill and Gilroy, before and after installing power circuit 
transpositions. (24 pages) 

Tests of the effect, on exposed telephone circuits, of grounding 
one phase of the Coast Counties Gas and Electric Company’s 
22,000-volt three-phase delta-connected line. (4 pages) 


Test of the combined effects of the Coast Counties Gas and 
Electric Company’s and the Sierra and San Francisco Power Com- 
pany’s circuits on the telephone circuits in the exposure between 
Morganhill and Gilroy. (4 pages) 

Tests of the effect on the residual voltage of transposing the 
Coast Counties Gas and Electric Company’s 22,000-volt line within 
the exposure between Morganhill and Gilroy. (3 pages) 


Tests to determine the comparative effect on the noise in the 
exposed telephone circuits of having the power on and off the Coast 
Counties Gas and Electric Company’s 22,000-volt line between 
Morganhill and Gilroy, and the effect of shielding the telephone 
circuit under test by grounding other circuits on the lead. 


(4 pages) 
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22. 


23. 


24, 


25. 


27, 


30. 


bl. 


32. 
33. 


34, 


35. 
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Computation of the coefficients of induction from balanced and 
residual currents and voltages for the telephone circuits of exposure 
No, 2 at Salinas. (19 pages) 


Experimental determination of the coefficients of induction from 
residual currents and voltages, for the telephone circuits of exposure 
No. 2 at Salinas—more complete than Technical Report No. 9. 
(24 pages) 

Comparison of computations of Technical Report No. 22 with 
experimental data of Technical Report No. 23. (16 pages) 


Tests of induction in telephone circuits in exposure between 
Salinas and King City under normal operating conditions, with the 
neutral of the Salinas auto-transformers grounded and isolated. 
(20 pages) 


Tests of accuracy of measurement of residual current by certain 
current transformers. (4 pages) 


Tests of induction in telephone circuits in exposure No. 2 at 
Salinas with the North Beach steam station energizing the Sierra 
and San Francisco Power Company’s line. Supplementary to 
Technical Reports Nos. 8 and 15, differing in the source of supply 
of the power system. (27 pages) 


Supplementary to Technical Reports Nos. 8 and 15. Voltage 
lowered 5 per cent at the Guadalupe auto-transformers which 
supply the power circuit. (20 pages) 


Determination of impedances of lines, by computations and by 
measurements—numerous curve sheets and tables. (65 pages) 


Tests of induction in telephone circuits in exposure Nos, 1 and 2 
at Salinas, with the neutral of the Salinas transformers grounded 
and isolated. (10 pages) 


Supplementary to Technical Reports Nos. 8 and 15 and more 
complete. Includes tests with Salinas neutral grounded and isola- 
ted and with telephone circuits shielded and unshielded. (29 pages) 


Supplementary to Technical Report No. 25. (22 pages) 


Induction in test leads used at Salinas for connecting testing 
apparatus to the circuits of exposure No. 2 and the effect of such 
on the measurements of the induction from the exposure. (20 
pages) 


Effect of changes in the insulation resistance of the telephone 
line on the induction in telephone circuits of exposure No, 2 at 
Salinas. Also supplements Technical Reports Nos. 8, 15, and 31. 
(24 pages) 


General outline of tests to be made at Santa Cruz on the parallel 
between lines of the Coast Counties Gas and Electric Company and 
The Pacific Telephone and Telegraph Company. (4 pages) 
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Induction in telegraph circuits of the Western Union Telegraph 
Company and the Southern Pacific Company in exposure No. 1 
between Salinas and San Jose. (8 pages) 


Noise tests on telephone circuits radiating from Salinas, with the 
neutral of the Salinas auto-transformers grounded and isolated. . 
(4 pages) : 

General review of tests at Salinas, summarizing reports 1, 6, 7, 8, 
ORO Meal a oan 25, ks 2on2O, 21 28,00, 61) O2, 65,54; 
36,and 37. (53 pages) 

General consideration of transpositions and a study of the results 


to be expected from the application of various transposition 
schemes to the Santa Cruz-Watsonville exposure. (86 pages) 


Method of measurement of capacity and conductance unbalances 
(2 pages) 

Harmonic analysis of alternating-current waves, by oscillograph 
and resonant shunt. Comparison of the methods. (80 pages) 


Investigation of the current transformers in use at Santa Cruz. 
to determine their ratios of transformation and suitability for 
residual current measurements. (35 pages) 


Outline of tests to determine the effect of extraneous currents 
on the intelligibility of telephone conversation. (8 pages) 


Induction in the telephone circuits of the Santa Cruz-Watson- 
ville exposure and in the test leads, from sources other than the 
22,000-volt line. (12 pages) 

Induction in the telephone circuits of the Santa Cruz-Watson- 
ville exposure under commercial operating conditions, with the 
original transpositions in both power and telephone lines. (15 pages) 


Supplementary to Technical Report No. 39. A study of ad- 
ditional transposition schemes for the Santa Cruz-Watsonville 
exposure. (14 pages) 


Computation of the coefficients of induction for balanced and 
residual currents and voltages for the Santa Cruz-Watsonville 
exposure. (11 pages) 


Experimental determination of coefficients of induction in the 
Santa Cruz-Watsonville exposure, with the original transpositions. 
(42 pages) 

Further experimental determination of coefficients of induction 
for balanced voltages, in the Santa Cruz-Watsonville exposure, with 
the original transpositions. (13 pages) 


Study of the influence of various transformer connections and 
flux densities on the third harmonic and its multiples in a three- 
phase circuit. (in preparation). 
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Discussion ON “ REPORT BY THE JOINT COMMITTEE ON IN- 
DUCTIVE INTERFERENCE”’, SPOKANE, WASH., SEPTEMBER 11, 
1914, 


P.N.Nunn: The paper just presented is one of signal interest 
and significance. It is of unusual moment in this, that it reports 
both an elaborate scientific study of great technical value and 
also a legal adjudication of conflicting interests between two 
public utilities of vast economic importance. 

Briefly stated, the paper reproduces a certain report to the 
Railway Commission of the State of California, by a committee 
authorized by it to investigate the subject of electrical interfer- 
ence by other electrical circuits with ‘‘ communication ” service, 
including telephone, telegraph and railway signal. The investi- 
gation, occupying several years, assumed the character of a re- 
search into the intricate phenomena of distant electromagnetic 
induction, its remote origin in the characteristics and manipula- 
tion of power apparatus and its acoustic effects upon telephone 
service. To present the details of the various tests, methods 
and apparatus employed has involved the production of fifty 
special reports now summarized in this general report which 
draws a series of conclusions and submits and discusses a pro- 
posed code of rules for the prevention of the interference in 
question. 

As a scientific research this investigation is invaluable and 
marks a distinct advance in applied electrical science. In view 
of the economic importance of telephone and similar service, 
and of the probable increase in the future in the capacities and 
voltages of power circuits, there appears a very real and difficult 
problem to be met in the evolution of the respective arts. To 
the solution of this problem such research should undoubtedly 
point the way. In this sense this report deserves marked ap- 
preciation. But at this time attention is called not so much to 
its scientific value as to the economic and legal effects of its 
code of rules. 

Although recognizing a conflict of interests between the re- 
spective groups of electrical industries, the investigation was 
conducted and the rules drawn ostensibly to meet the problem 
only as a scientific question of demonstrable cause and effect. 
Unanimously indorsed by a committee purporting jointly to 
represent the telephone, the railway, and the electric power 
interests of the state, the rules purport to be, in effect, an agree- 
ment among all parties in interest, and as such, approved and 
adopted by the Commission, have become the law of California. 
By this process the Commission is led to adjudicate the differ- 
ences and legislate changes in practise from scientific considera- 
tions alone, without regard to the broader aspects of the issues 
involved. 

‘The problem is much broader than that. It involves another 
scientific aspect as well as questions of inherent rights, of equity, 
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of evolution of the respective industries, and of the policy of 
the public toward its utilities. Moreover, the rules are not mere 
logical conclusions, and their full effect is not apparent from their 
text. Read casually, they imply a spirit of friendly coopera- 
tion toward some mutual purpose. In results, however, benefits 
accrue only to one interest, while burdens, even extreme hard- 
ships, are laid upon the other. Their full import appears 
only from careful consideration of each rule in the light of the 
whole seen from a mature point-of-view. 

The partisan point-of-view from which these rules have been 
formulated is shown by their context. ‘‘ Since these rules are 
designed for the protection of communication circuits,” (Dis- 
cussion of Rules, Art. IV) acknowledges that they are designed 
to restrain the power circuits. While the specific parties in 
conflict are somewhat obscured by including the railway in- 
terests as a third party and by use of the term ‘‘ communication ”’ 
instead of ‘‘ telephone,”’ yet Rule V in effect waives all conflict 
between railway and telephone interests, thus associating them 
and leaving the power interests alone under restraint. And while 
the caption ‘‘ Historical,” (first paragraph) in presenting the 
origin of this action styles it ‘‘ the outgrowth of certain differ- 
ences * * * * brought to the attention of the Railway Com- 
mission’? instead of plainly ‘“‘a complaint by the telephone 
lodged against the power interests,’’ it likewise states (fifth para- 
graph) that this investigation, attributed to the Joint Committee, 
was in fact already a department of the Pacific Telephone & 
Telegraph Co. and of well-defined form and character before 
taken over by the Joint Committee, and also that it was con- 
tinued (fourth paragraph) by a staff of telephone employees. 
It thus appears that this measure, instead of being a mutual 
matter or serving a mutual purpose, is in fact a telephone 
project from its inception to the conclusions which are formu- 
lated into the rules presented. 

The specific rules, seventeen in number as grouped under 
caption II, may be classified as follows: 

Mutual obligations respecting the spacing of power from telephone 
circuits; the uniformity of parallels, and the use of adequate systems of 
transpositions. 

Specifications of power equipment, covering wave-form of generators, 
charging current of transformers, type and equipment of line switches, 
style and location of transpositions, and also requiring ammeters in 
grounded neutrals and the use of ground detectors 

Dictation of methods in power distribution, covering balancing of 
loads, balancing of circuits, and methods of connecting and loading 
transformers. 

Restrictions in operating procedure of power industries, covering 
line tests and the manipulation of automatics, operation with open 
circuits and grounds, measurements of ground currents and the charging 
of electrolytic arresters. 

Stipulations respecting obscure power-circuit effects, requiring the 
limitation of residuals and the elimination of harmonics. 
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In discussing the individual rules, the following general con- 
siderations should be recognized. . 

The scope of the restrictions placed upon power interests 
is without tangible limit. Rule I prohibits ‘ parallelism ef 
which is defined as lines in such proximity “ that the power circuit 
is liable to create inductive interference * * * *.” Note 
the term “liable to.” It is not “has” or “ does” but “ liable 
to.” The question is one of degree, but no degree being even 
implied, the rule stands absolute. Since inductive effects are 
obscure and difficult of determination, the telephone interest 
may readily find occasion for claiming with some plausibility 
that almost any power circuit of the State is in parallelism 
to some slight degree. Where impracticable entirely to avoid 
parallelism, this rule makes the power circuit subject to the 
seventeen specific rules classified above. 

For the enforcement of these rules, far-reaching power of re- 
prisal and dictation is reserved by the telephone interest. 
Rule “d” successively stipulates, emphasizes, and confirms 
that the telephone interest ‘“ shall have the right to specify the 
number, type and location of transpositions” in power circuits. 

Transpositions constitute the great general measure for 
neutralizing interference,—the last resort. They are both a 
hardship in expense and a menace to safety and service, and in 
degree both are, in general, proportional to the voltage trans- 
posed. The right to specify them, therefore, here becomes the 
weapon of the telephone interest against the power interests for 
all manner of possible shortcomings. Upon high-voltage lines 
and especially upon tower circuits in good telephone districts, 
this right carried to logical limits under these rules becomes 
tantamount to supreme authority. True, the telephone in- 
terest is limited as to the frequency of its use,—not oftener than 
one-sixth mile apart, but this very limit serves but to emphasize 
the length and breadth and depth of the power here grasped by 
the telephone interest. 

None of the expense or burden of this new regime falls upon 
the telephone interest. Rule IV provides that “ At the option of 
the (telephone) company * * * * any of the provisions 
of II and III may be waived.” Since II and ITI comprise in 
effect the entire code, this provision becomes a blanket release 
giving the telephone interest immunity from any unwelcome 
involvement. Thus these rules which in effect “ box ” the power 
interests on all sides, notwithstanding their purport of co- 
operation, leave for the telephone interest a back door of escape 
always open. It thus, for instance, in paralleling a previous 
power circuit, could throw upon the power interest the hardship 
of reconstructing to conform to the rules, while itself evading 
through this back door any burden whatever. 

Turning now to the seventeen individual rules as already 
classified, or rather to a few of their characteristic provisions; 
of those specifying characteristics of power equipment, rule 
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“ce ” 


P. _Tequires power companies to obtain and use generators 

giving, as nearly as reasonably possible, pure sine waves of 
voltage * * * *”. Does this mean that the power com- 
panies of California are now using generators of characteristics 
inferior to those recognized as standard in the industry, or does 
it mean that electrical manufacturers must now evolve a line 
of generators of new design and characteristics for the special 
needs of California trade? Rule ‘‘q”’ raises a similar question 
as to the exciting current of transformers. Rule ‘j ”’ prohibits 
the use of air switches which are now so generally used and from 
the further development of which so much is expected, while 
rule ‘“‘h”’ requires the general use of oil switches ‘‘ rendered 
automatic for short-circuits, grounds and abnormal neutral 
currents.’’ This calls for a mechanism which has already been 
sought for many years but never yet produced and, in the opinion 
of many, beyond mechanical possibility. 

Referring to the rules which restrict operating proecedure as 
now followed, rule ‘‘o”’ requires the charging of electrolytic 
arresters during the late night, while ‘‘m’’, regarding line 
testing in cases of trouble, prohibits present prevailing practise 
and in effect requires the development of new methods and new 
apparatus for the localization of line faults. 

Similarly, rule ‘‘n”’ specifying ““* * * a record of hourly 
measurements of the neutral currents * * *,”’ in effect seems 
to require a regular corps of attendants at every point of trans- 
formation employing a ground connection. 

The class of rules respecting obscure phenomena incident to 
power circuits is less specific, yet rule ‘‘b’”’ requires “ special 
consideration shall be given to the prevention or elimination of 
harmonics * * *.” This is a problem of many years’ study 
by engineers, manufacturers and power companies alike, the 
solution of which might have saved from financial failure many 
of the power ventures of the past decade. 

Without going further at this time into the many restrictions 
and their ultimate effects, the above characteristic cases will 
illustrate the radical natute of the rules, the impossibility of 
their fulfilment, and the length to which they go in demanding 
a virtual reconstruction of the power industries to meet the 
telephone’s demands. They express the telephone interest’s 
demand for impracticable ideals. That the results required 
are in fact impracticable ideals is tacitly recognized throughout 
the text by the constant recurrence of such evasive expressions 
as ‘‘ Every reasonable effort to avoid,” (several times repeated), 
““ Every effort,’ and such vague expressions of degree as ' Closely 
as practicable,’ ‘‘ Nearly as practicable,” “ Most reasonable 
possible,’ and “ Low as consistent with good practise. — 

The matter of the rule regarding crossings is of quite a different 
nature. Rule ‘‘a,” after specifying the separation between 
power and communication lines, continues ‘“ The only exceptions 
to this provision * * *” are crossings, etc., which shall be 
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“* * * constructed in conformity with the National Electric 


Light Association specifications * * * *”’ ‘The specifications 
here referred to were themselves initiated by the telephone in- 
terests of the East and presented through a committee formed 
under telephone influence. At best they are but proposed speci- 
fications, since, as a matter of record, the N. E. L. A. as an 
organization declined to adopt or sanction them. Since this 
matter occasioned much dispute, it has been generally understood 
that the question of crossings is specifically avoided in these 
rules as, in fact, it is, intitle, headings and otherwise in the text. 
But nevertheless it is covered here and most effectively. More- 
over, this brief incorporation of it seems to be without the 
full approval or knowledge of the Joint Committee, since at 
least one member still asserts that “ These rules have nothing 
whatever to do with the question of crossings.” In this light 
its interjection here seems somewhat a “ joker’ on the power 
interests. Suggestively similar are those terms which reserve 
to the telephone interest the power of waiving these rules as to 
itself and of specifying transpositions, and’ which in their final 
effects, as already discussed, are so far-reaching. 

To briefly review: As seen by the power interests, these rules 
are radical, without tangible limit of scope, impossible of ful- 
fillment, demand virtual reconstruction of their methods and 
business, and strain toward impracticable ideals; they have 
been framed by the telephone interest from an utterly partisan 
point of view, to secure to itself supreme power of enforcement; 
they have been carried to enactment against the power interests, 
many in number, competitive and without cooperative organiza- 
tion, by a single nation-wide monoply of vast coordinate resources, 
in California, as a first step toward similar rules wherever possible. 

In conclusion: in the matter of electromagnetic interference 
there unquestionably is a very real and significant problem 
to be worked out theoretically by precisely such methods as 
those here reported. But then the same problem must again 
be worked out in practise through advance in apparatus and 
methods. Again the problem lies no more with the cause and 
its removal than with effects and their prevention; it embraces 
both. Moreover, by its very nature the problem primarily is 
that of the complainant, and its solution should first be sought 
at home. Thus there is force in the current retort of the power 
interests to the complaints of the telephone interest, that the 
latter has done as little to protect itself as the power interests 
have done to protect it. The final solution may be found as 
much or even more in the evolution of protective and corrective 
devices for telephone circuits as in the elimination of causes 
as attempted by these rules. It is quite possible that telephone 
circuits, being more sensitive, are now somewhat at the mercy 
of the less sensitive and more rugged power circuits and therefore 
should have some relief, but such a measure as this can but re- 
verse the relation with far more hardship, while accomplishing 
nothing toward the final and equitable solution of the question. 
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A suitable code of rules, as scientific deductions reported to 
a Scientific body or, accompanied by its natural counterpart in 
similar rules for the telephone industry, if adopted by this 
society, would be entirely proper and useful as a consensus of 
present opinion, subject to future advances. But these rules 
as law, inflexible to changing conditions and without such coun- 
terpart, are without equity or sense of proportion and contrary 
to economic order. Beyond the direct hardship imposed lies 
a greater wrong. Through their partisan point-of-view and 
narrow treatment of the issues, they establish by implication 
the principles of the power industry’s legal liability for all possible 
effects of their circuits and of the telephone industry’s fundamen- 
tal right, wherever it may go, to an atmosphere free from mag- 
netic influence, regardless of degree or priority of presence. 

J. B. Fisken: I am sure a discussion of this paper, more es- 
pecially of the rules, needs no apology before this body. I 
believe that rules or statutes should be discussed by engineering 
bodies when engineering is involved. Now, in anything I 
may say as to my opinions, I would simply state that I have 
been handling for a matter of twenty-eight years voltages varying 
from 90 to 60,000 and I have had quite a little experience. 
I want to refer to page 1446, under ‘‘ definitions;”’ ‘‘ a. Power 
Circuit,” and ‘‘d. Line.’”’ These definitions provide for the 
inclusion in circuits which must be transposed, of arc circuits of 
voltages of 5,000 volts or more. But the rules do not state how 
they should be transposed. Series arc circuits are quite fre- 
quently run with one wire on a street; the return wire may be 
half a mile away. The people of California may have to string 
both sides of the circuit across this distance of a half mile to 
get a transposition, or build both sides of the circuit parallel to 
the telephone line. 

I think there has been a mistake made in the arrangement of 
the rules; as, under Rule II, section ‘‘a,’’ there is arule which 
should be arranged under the heading of ‘‘ Phantoms.’”’ A 
phantom, as I understand it, is something that has no apparent 
existence. As I regard this rule, and as Mr. Nunn has stated, 
it has nothing whatever to do with inductive interference; 
to my mind there is only one thing I can see it has to do with, 
and that is an imaginary physical hazard which does not exist. 

A. H. Halloran: Since the earliest times an honest difference 
of opinion has always been an incentive to progress. Mr. Nunn 
evidently believes that this scientific investigation as to means 
for keeping a proper balance of power in circuits paralleling 
telephone lines, throws the balance of power too strongly in 
favor of the telephone company. Yet it should not be forgotten 
that the power companies have been the aggressors. Telephone 
circuits existed many years before there were power circuits. 
The telephone companies have spent thousands of dollars in 
vainly trying to solve the problem by compensating their own 
lines. Efforts were also made to adjust the matter legally, but 
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it was recognized that the subject is primarily an engineering 
problem. Consequently, while it may be admitted that the 
burden of correction is now laid upon the power companies, 
their representatives on the committee have recognized that it 
is only by the true spirit of co-operation that any mutual under- 
standing can ever be reached. The report is admittedly only 
preliminary, and the committee stands ready to make any ad- 
justments or corrections which may be found necessary. 

A. J. Bowie: I have been greatly interested in the report 
of the Committee on inductive interference, particularly as 
this deals with a field of investigation about which little has 
been written prior to the present time. Insofar as the find- 
ings of the report are based on actual tests and data, it fur- 
nishes a very interesting study. 

The letter of transmittal states: ‘‘ Therefore the rules are not 
put forth as being final or complete but must be regarded as 
provisional and subject to such change as the results of further 
investigation and experience may determine.” 

However, experience with which the committee is apparently 
not familiar has already demonstrated that their recommenda- 
tions on switches and switching are based on a very unsubstantial 
foundation. Quoting from the “ Discussion of Rules,” on Rule . 
1 ian te 

The commonly recognized fact that oil switches produce less severe 
transient disturbances in power circuits, affords the basis for the pro- 
visions in the rules dealing with switches and switching. 

Quoting from the report itself, Section II, the following rules 
are laid down to govern switches: 

h—Switch Equipment. A power circuit involved in a parallel shall 
be equipped, between the source of supply and the parallel, with oil 
switches, all poles of which shall be mechanically interconnected for 
simultaneous action. With the exception of stations where an operator 
is constantly on duty, these switches shall be rendered automatic for 
short-circuits, grounds, and abnormal neutral currents. 

i—Switching. All switching on all parts of a system connected to 
a circuit involved in a parallel, which causes harmful transient disturb- 
ances in communication circuits, shall be done by means of oil switches, 
all poles of which are mechanically interconnected for simultaneous 
operation. 

j—Use of Air Switches. The use of air switches, on a power circuit 
involved in a parallel, is prohibited except for purposes of isolating sec- 
tions of dead line, or for disconnecting transformers under no load. 
This applies to the entire power system, any circuit of which is involved 
in a parallel, unless such switching is so remote as not to cause harmful 
transient disturbances in the communication circuits. 


One of the important expenses in the transmission and dis- 
tribution of power is the cost of high-tension switches. Air 
switches represent a very material Saving to the consumer over 
the cost of oil switches,as their prices will range from about 
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one-third to two-thirds of the cost of the latter for switches of 
equal capacity. In addition thereto, air switches effect a still 
more important saving for high-tension work in that they may 
be located out-of-doors, whereas the housing of oil switches in 
many cases costs as much or more than the switch itself. There- 
fore the use of air-break switches will effect a material saving 
to the power companies and hence no rulings of any nature 
should be passed to forbid this saving unless the air-break switches 
produce an extremely bad and undesirable effect which will 
more than offset the great saving from the use of this type of 
switch. Hence it is with great astonishment that I note the 
report in this respect does not pretend to be based on scientific 
tests but on what is termed a “ commonly recognized fact.” 
At one time it was a commonly recognized fact that the world 
was flat and the universe revolved around it. Itis unfortunately 
the case in engineering, as in other matters, that theories based 
on insufficient data obtain partial credence and are accepted 
without real investigation. 

By the use of expensive and complicated apparatus it is pos- 
sible to establish a very short arc in air in an exceedingly strong 
magnetic field and to make the arc so established set up high- 
frequency oscillations. But to accomplish this result requires 
the use of special apparatus entirely foreign to that used in any 
air switch construction. Itis quite possible that an arc produced 
under oil might under similar circumstances become oscillatory 
when sufficient attention is paid to the details of construction 
to accomplish this result. As it is possible to produce an os- 
cillatory effect in air many engineers without investigation have 
sincerely believed that the operation of air switches would cause 
a high-frequency surge, and this has resulted in a certain amount 
of prejudice against the use of air-break switches. 

An interesting article has just appeared in the General Electric 
Review of September, 1914, by Mr. W. P. Hammond, Engineer 
of the Northern Contracting Company, giving a description of 
extensive tests on air-break and oil switches, conducted on 
systems of 44,000 and 110,000 volts, opening loads of several 
thousand kilovolt-amperes. These tests fully demonstrate the 
fact that in many respects the air switches are superior to oil 
switches. Quoting from the article: “ In order to get a general 
check on the voltage surge, set up on the load side on opening 
the circuit with an air-break switch, a needle point spark gap 
was connected to two of the phases, set accurately for different 
voltages, and the maximum sparking gap noted for each switch 
under the same load conditions. The same experiment was 
tried on an oil-break switch in the circuit and the maximum 
sparking distance recorded when the circuit was opened with 
this switch was greater than with the air-break switch.’’ This 
shows that oil switches cause a greater surge and rise of voltage 
than air switches. The article further states “ The oscillograph 
records obtained during these tests do not indicate that there is 
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any high frequency set up on the lines by air switches which is 
especially dangerous to the equipment.” Also, ‘‘ The spark 
gap test previously referred to in this article would indicate 
that the surges in the voltage set up by the air-break switch 
are not so violent as those set up by an oil switch, although 
this is not in line with the current opinion.”’ Also, ‘‘ The general 
conclusion drawn from these tests is that the air-break switch 
will doubtless replace the oil switches for many uses.” Thus it 
is apparent that the air-break switches do not set up material 
oscillations in the circuit. The illustration herewith, from the 
above-mentioned article, is an oscillograph record showing the 
conditions when opening a 50,000-volt system and interrupting 
an energy load of 2500 kv-a. with an air-break switch. The 
upper curve represents the voltage on the supply system, and 
the lower curve represents the current. It is of particular in- 
terest to note that the current curve tapers off gradually, the 
time of tapering consuming about six cycles. This is a very 
important consideration in the action of air-break switches, 


MV 


SHOWING INTERRUPTION OF AN ENERGY LOAD OF 2500 Kv-a. 
WITH AN AlR-BREAK SwiTCH 


showing that the introduction of the high resistance of the long 
arc cuts down the current before the moment of final break, 
thus lessening the voltage rise over that which occurs with 
an oil switch, where the break is more sudden. The time of 
operation of air switches is in general from one to three seconds, 
provided the switch is not overloaded. The actual time will, 
of course, depend on the design of the switch, as well as on wind 
conditions. The time given above is a result of a long series of 
observations. 

The conditions of opening of an air switch are commonly 
misunderstood. A short arc in an air switch will be of relatively 
little resistance so that until the arc lengthens materially, 
there will be no substantial change in the current conditions 
over those obtaining prior to the opening of the switch. After 
the are has lengthened sufficiently, an effective gradual decrease 
in the current will occur and will require only a few cycles. Thus, 
for illustration, if it took the switch in question three seconds 
from the time of opening the switch until the arc was extin- 
guished, this would last overa period of 180 cycles. During the 
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first 174 cycles, no very material change would take place in the 
conditions of operation over what existed prior to opening the 
switch. Duringthe last six cycles, the resistance of the are increases 
rapidly, thus gradually diminishing the current up to the point 
of final break. At worst, even if the switch operation does 
affect the telephone lines, the period of such operation is ex- 
ceedingly brief, also, the switch operation is in general very 
infrequent on high-tension lines, so that even if severe distur- 
bances should be produced, the total time during which the tele- 
phone service would be affected in a year would be so small 
as to be practically negligible in comparison to the saving to 
the companies and consequent saving in the cost of power de- 
livered to the consumer. 

From the foregoing the following conclusions are drawn: 

1. Air-break switches will produce less rise of voltage than 
oil-break switches, and hence will not affect the telephone sys- 
tem as severely as the oil switches. 

2. No material high-frequency surges are set up on the 
opening of air switches. 

3. The duration of opening of air switches is somewhat longer 
than that of oil switches but the total time of such operation 
is so small as to be negligible in its effect on the telephone service. 

4. The advantages of air switches are very much greater 
than any disadvantages cited. 

I might add further that air-break switches are in use for 
controlling many important lines, among others, the longest 
line in the world, comprising the system of the Southern Sierras 
Power Company, which transmits power from Bishop to San 
Bernardino, a distance of 240 miles. Also, I have installed many 
air-break synchronizing high-tension circuit breakers for syn- 
chronizing high-tension lines, and accotding to all reports 
received the operation in synchronizing is perfect, and does 
not cause the slightest appreciable disturbances of the system. 

I am sure that everyone will agree in the suggestion that 
before drastic rulings on switching are adopted by any com- 
mission, more complete investigations should be made as a basis, 
rather than the unsubstantial basis of “ commonly recognized 
facies 

George S. Humphrey: Referring to the paragraph entitled 
“Minimum horizontal separation,” I question whether the 
last three lines of that really mean very much. It says that 
crossings shall be ‘‘ constructed in conformity with the National 
Electric Light Association’s specifications for overhead crossings 
or other approved equivalent which may be agreed to by both 
companies.”’ As most of you are probably aware, there was 
a resolution passed on this subject at the last meeting of the 
National Electric Light Association. This resolution reads as 
follows: 

Whereas, at the annual convention of the National Electric Light 
Association in the year 1911 there was presented a report by the Com- 
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mittee on Overhead-Line Construction, to which the Executive Com- 
mittee then gave its qualified approval, since which time the progress 
in the state of the art and the continued good work done by the Com- 
mittee have developed recommendations of better practice which the 
overhead-line-construction committee now presents to this convention; 

Therefore, be it RESOLVED, That the thanks of the Association are 
due and extended to the Overhead-Line Construction Committee for its 
sacrificing and painstaking efforts, and, in view of the later recommenda- 
tions of that Committee, that the heretofore qualified approval of the 
1911 report is hereby rescinded, and that the question of voltage limita- 
tion shall be eliminated from any recommendations or reports of any 
committee of this Association, by inference or otherwise, with relation 
to overhead-line construction practices, and that any such recommenda- 
tions or specifications to this or previous conventions by any committee 
shall not be sanctioned by this Association. 


This resolution was adopted by the National Electric Light 
Association in June, and so at the time these rules were pre- 
scribed by the Commission, there was not and is not now any 
such thing as ‘‘ National Electric Light Association’s Specifica- 
tions for Overhead Crossings.” No such specifications are in- 
cluded in the Handbook on Overhead-Line Construction, which 
was published at that time. 

It appears that in defining telephone circuits, telephone 
systems of high-tension operating companies are included as 
a telephone circuit. The term includes any metallic telephone 
circuit operated by any railroad or other company for dispatching 
purposes. I just wondered if private telephone systems of 
transmission companies ate included in that definition of the 

telephone circuit. 

In the section of the country with which I am familiar there 
were formerly two telephone systems, and they have lately been 
consolidated. Now almost every important road in the coun- 
try has a telephone line on each side of the road which is owned 
by the same company. I wonder what the recommendation of 
the Committee would be as to where the line of the power 
company should be placed along these roads. 

J. C. Martin: I think Mr. Nunn has covered the practical 
aspects of the question about as well as it can be done. However, 
from the standpoint of the experience that I have had in con- 
nection with transmission and distribution problems in the 
Northwest, I have a few suggestions to make. 

The 5000-volt limitation is particularly bad. The company 
that I am connected with operates a great many miles of 6600- 
volt circuit. So far as any records we have, or anything that 
we have heard from the telephone companies, show, we have no 
trouble due to inductive interference with properly constructed 
telephone lines. These rules would practically put us out of 
business as far as the 6600-volt line construction and operation 
1s concerned. That is especially true because of the rule covering 
transformer connections. Owing to the conditions we have to 
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meet we make very frequent use of the open-delta connection 
and do not operate any of our single-phase transformers without 
grounding the secondary neutral. 

On the question of telephone lines occupying both sides of 
the road: I think here in the Northwest, and I believe in most 
portions of the country as well as the Northwest, you will find 
that every country road has at least one telephone line that 
usually succeeds in occupying both sides of the road, and often 
there are two or more lines that stagger from one side of the road 
to the other. The lines are ordinarily ground return circuits and 
the construction adopted is usually the very cheapest that can 
possibly be used and have the lines stand at all, and no effort 
is made to even install the ordinary telephone protections. I 
am wondering, with Mr. Humphrey, what would happen in 
case a power company desires to build a line of over 5000 volts 
along such a country road, either in the State of California or 
wherever these roads might be located, and these rules enforced. 
The power company could undoubtedly be forced to rebuild 
such lines completely if these rules were in force. It seems to 
me absolutely unjust to force the power companies to stand the 
trouble that is due in many cases entirely to the poor construction 
of the telephone lines involved. 

Like Mr. Nunn, it appears to me, from the wording of these 
rules, that a large number of important questions of design are 
left to the sanction and fiat of the telephone company; in other 
words, the engineers of the power companies are without any 
yoice whatever in the matter as to how their service shall be 
handled or as to the methods or designs they shall adopt to 
best serve their customers. I know that in the territory we 
are serving the burden put upon the company in complying with 
rules of this sort would practically prohibit the serving of a large 
number of our customers and prospective customers. 

Again, the telephone companies are relieved of practically 
all responsibility in the matter and the power companies are 
saddled with the responsibility and expense of avoiding any 
trouble that it may be necessary to take care of. I believe it 
will be conceded that the power companies furnish service that 
is as much of a public necessity as that furnished by the telephone 
companies. If any action is to be taken, the responsibility of 
caring for the trouble should be divided equally between the 
parties involved, and the telephone companies as a whole should 
be forced to a standard of construction that will be at least equal 
to that maintained by the power companies. 

L. J. Corbett: Entirely apart from the legal aspect of this 
report, I think that we are fortunate in having 1t before us for 
its value as a technical contribution. It represents the investi- - 
gations of a committee which was well equipped; it presents some 
of its findings, and contains certain recommendations which 
do indicate to us how we may avoid interference. 

There is one thing that attracted my attention at first glance 
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at the paper, and that is in one or two of the definitions, 
the use of the term “ residual.” Possibly most of you would not 
take up such a point as this, but at first glance I wondered 
which meaning of ‘‘residudl’’ was intended. I find that it 
refers to ‘‘ the vector sum of the current in the several conductors 
of a power circuit. ’’ We are used to thinking of residual as 
something left over, a residual charge upon a condenser, residual 
magnetism in a field, and it seems to me we are using an old 
word for a new idea, which new idea requires a separate defini- 
tion for the old word. It does not give us the idea at once as 
to what is meant, and I wonder if this committee gave any great 
thought to this matter in drawing up their definitions. It would 
seem that a word could be found which would connote the idea 
a little better than this word residual. 

In reference to Mr. Fisken’s question about the series circuit, 
I would offer as a suggestion that in such a case, according to 
this definition of residual, the entire current of the series system 
would be residual current and the entire voltage, the residual 
voltage. 


Charles P. Kahler: In the discussion of Rule V the following 
comment is made: 


V. The Committee has undertaken no investigation of cases of par- 
allelism with alternating-current railways, but as the seriousness of this 


class of exposure is recognized, it was thought desirable that it be referred 
to specifically. 


However, although the Committee admits that it has made 
no investigation upon which to base any regulations for such 
conditions, nevertheless, it has undertaken to make such regula- 
tions, as shown by the following portion of Rule V. 


In the present state of the art, no means for completely Overcoming 
inductive interference from such parallels is known, hence, they are 
to be avoided if possible. 


If such rules were in force in the State of Washington, could 
the Inland Empire System be extended if there was a telephone 
or power line in the territory where it is proposed to extend it? 
It is well known that considerable study has been made to elim- 
inate disturbances caused by both alternating- and direct-current 
railway circuits, and the latest work and information on this sub- 
ject would indicate that trouble from this source may be over- 
come. The fact that the railroad companies themselves have 
to maintain communication circuits makes it necessary to 
provide means to prevent interference with them. It does not 
appear to me proper to add rules which may cause unnecessary 
expense to any electrification proposition unless the effect of 
such rules is definitely known. 


L. a Merwin: I was greatly pleased with Mr. Nunn’s 
calm, judicial manner in Opening the discussion and_ with the 
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nature of his remarks from the standpoint of a power man. 
Mr. Nunn, I think, has gone right to the quick of the matter 
from the standpoint of the power man, and “ forewarned is 
forearmed.’”’ This thing has been done in California; most of 
you gentlemen are from northern states, northwestern states; 
if such a thing as this is to be put in a legal form in Oregon or 
Washington or Idaho or Montana I am sure there will be before 
the respective commissions of these states very well prepared and 
vigorous opposition, and rightly so, I believe. 

I have great admiration for this paper as a scientific document; 
it puts before us in a very lucid way some things that we all 
wanted to know, but it puts them also firmly before us in a posi- 
tive legal way, not bringing out what we may do, but, “ Gentle- 
men, how do you like this? This is what you have to do.” 
It is written by a body of men of undoubted scientific attainments 
and is presented to us as their findings, but presented as their 
findings after those findings have been put into legal Rohgane, 83 
isn’t here for our discussion as to the merits of the thing from 
an engineering standpoint, it comes as an absolutely closed book, 
and I feel very sorry for the power companies operating in 
California. 

Mr. Humphrey brings up the point as to what will happen 
in a legal way, or how is one to interpret the situation, if the 
communication company is also the power company, considering 
its own communication lines. Mr. Nunn very clearly stated 
what could be done: The power company can simply sneak 
away from itself out of that “ back door.” That is all right 
and is easy. 

We have a line of our own; have been troubled with induction 
on that line for some seventeen months. On about fifty 
miles of our power line we had considerable difficulty owing to 
the topography of the country. It_passes down along the 
north bank of the Columbia gorge. I have found it absolutely 
impossible, try as I may, up to the present time to neutralize 
the inductive effects on the telephone line. The power line 
is not transposed. However, we have done something else 
than transposing, and it seems to me that the telephone company 
might do the same. I have simply given up all efforts to get 
rid of induction, I have accepted it asa fact,andthen looked around 
to see if I could kill it or get rid of it insofar as the receiver of the 
telephone instrument was concerned, and I believe that I have 
succeeded. Now if a power company can succeed surely the 
minor disturbances that arise on the telephone lines can be taken 
care of by the telephone companies. It seems that those slight 
residual effects—I mean residual not in the sense in the paper— 
can still be neutralized. Very briefly, and as an aid to others who 
are having the same trouble, I have learned through the manager 
of the Federal Wireless Telephone Company in Portland of a 
high-power transmitting instrument made by some private 
firm in Seattle, the name of which I shall be glad to give to any 
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one. I have arranged’ reactors and condensers into a resonant 
circuit at the instrument, and found I could actually neutralize 
the inductive effects of the power line at the instrument. With 
an ordinary transmitter the working current is not strong enough 
to force through the series impedance of this arrangement. By 
using this high-power telephone transmitter I found I could 
get sufficient amplitude of talking current. I simply mention 
this as a possible relief to other power men who have had the 
same trouble with their own telephone lines. 

C. E. Rogers (by letter): This report is very interesting as 
it covers a subject to which much space in the scientific press 
has been devoted in a qualitative manner, but, like previous 
papers, it does not give any quantitative results. I realize that 
many more formulas are yet to be derived in order to present 
this subject with mathematical accuracy, such as has been done 
in the calculation of corona losses, and I regret that at least 
one appendix has not been devoted to the calculation of the 
voltage and current induced in the communication circuits of 
one of the exposures mentioned. In order to present the 
rules that have been recommended, these data must have been 
accumulated, and an appendix containing quantitative informa- 

‘ tion would receive deserved attention and valuable criticism. 

A. J. Bowie, Jr. (by letter): Supplementing my oral discussion 
of the report of the inductive interference committee, the most 
direct and authoritative evidence on results of opening air 
switches can naturally be obtained from companies making ex- 
tensive use of apparatus of this nature. Consequently for 
further investigation of this subject, I have written to The 
Pacific Power Company, Bodie, California, and The Southern 
Sierras Power Company, Riverside, California, both of which 
companies employ air switches, almost exclusively, for their 
high-tension systems. 

I have addressed the’ following questions to these companies: 

(1) Have you on your lines any material length of what may be termed 
parallel to the communication circuits? 

(2) To what company do the communication circuits belong? 

(3) Has your company ever received complaints from Owners of com- 
munication circuits about the inductive effect of your power lines? 

(4) Have any specific complaints ever been received of trouble in com- 
munication circuits from switch Operation? 

(5) If so, what is the general nature of such complaints, 7.e., as affect- 
ing the interference with communication or as affecting any safety or 
any other apparatus connected to their system? 


In reply thereto, I have received the following answer from 
Mr. C. O. Poole, Chief Engineer, Southern Sierras Power Com- 
pany: 


(1) We have several cases that might be used under the term parallel 
to the communication circuits. 


(2) The communication circuits belong to The Pacific Telephone & 
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Telegraph Co., the Southwestern Telegraph Co. and The Western Union 
Telegraph Company. 

(3) We have received several complaints from the Pacific Telephone 
& Telegraph Co., Southwestern Telegraph Co., and the Interstate Tele- 
graph Co., of the inductive interference with their communication cir- 
cuits. 

(4) We have not received any specific complaints of disturbances 
caused by thé operation of air switches. We have, however, received 
complaint from the disturbances of the service caused by the charging 
of the electrolytic lightning arresters. We are preparing to install current- 
limiting resistors which will probably reduce the cause for complaint. 


Reply from Mr. W. N. Chatfield, General Manager, The 
Pacific Power Company: 


(1) Telephone lines parallel our transmission line for a distance of 
125 miles, and are on the same poles as the transmission line for a dis- 
tance of 66 miles. 

(2) Telephone lines used in connection with power operation and 
not for public use. 

(3) We have received no complaints on account of inductive effects 
on the telephone lines. Naturally there is a good deal of induction on 
the telephone line but not so that it interferes in any way with the opera- 
tion of same, and as the line is for our own use, naturally no one has any 
complaint to make. 

(4-5) We have not had any trouble to amount to anything in our 
telephone system caused by switch operation on the transmission line. 


It is greatly to be regretted in making this investigation, that 
the committee did not avail itself of the experiences of some of 
the largest users of air switches on the Pacific Coast. Had it 
done so, I feel sure its report on this subject would have taken 
a very different aspect. 

All the evidence available, shows very strongly that oil 
switches will produce more severe disturbances than air switches 
on their own, as well as on neighboring lines. There is one fea- 
ture of the report which is most inconsistent, namely, the 
prohibition of air switches, and at the same time the allowance 
of the use of electrolytic lightning arresters. From the very 
nature of the electrolytic arrester, the breaking of the current 
either when the arrester is being charged, or when the arrester 
is operating, is very abrupt, and hence very apt to cause un- 
desirable effects on parallel lines. To be at all consistent, the 
electrolytic arrester should have been included in the general 
prohibition of the subject Givarcsnimeain. 

Even though oil switches will cause more severe disturbances 
than air switches, there is certainly no reason sufficiently strong, 
at the present time, to render advisable in any way the prohibi- 
tion of any special type of switch, and legislation in this direction 
is a definite step backwards. 

Joint Committee on Inductive Interference: The above 
discussion of the report of this Committee discloses many 
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misunderstandings, some of the clear meaning of the recom- 
mendations, but mainly of the scope and the spirit of the Com- 
mittee’s work. This scope and spirit may perhaps be best 
expressed in words as follows: 

The State of California must have both electric power and 
electric communication. The former now conflicts with the 
latter and the conflict is becoming more serious year by year 
as the two services expand. When the two services approach 
their ultimate development of universal power distribution on 
the one hand and universal communication on the other hand, 
the conflict will greatly hamper the communication service if 
the power service is permitted to expand with no limitation 
of its inductive effects. The greatest good to the greatest 
number, which is in this case the best and cheapest power 
service combined with the best and cheapest telephone service 
to the people of the State, will be obtained by the imposition 
_ of such burdens on the power service as will result in improve- 
ments to the telephone service greater than the burdens im- 
posed. The Committee contends that each of the burdens 
imposed on the power service by the rules recommended will 
result in an improvement of the telephone service to the citizens 
of the commonwealth totally out of proportion to the interfer- 
ence of those same rules with power service to the citizens of 
the commonwealth. This view has been kept clearly in mind 
in the formulation of each ruling recommended to the State 
Railroad Commission. 

The Committee admits that ‘“ benefits accrue only to one 
interest while burdens are laid upon the other.” Since by no 
stretch of the imagination can the inductive effects of com- 
munication circuits as now operated (wireless excepted) be con- 
sidered as interfering with power circuits, the latter will not 
be benefited. No engineer should intimate that such a benefit 
should be sought. The Committee does not admit, however, 
that the burdens are “ extreme hardships,” but contends that 
these burdens will in all cases do more good than harm to the 
public services of the State as a whole. 

Admittedly, ‘the Commission is led to adjudicate the dif- 
ferences and legislate changes in practise from scientific consid- 
erations alone * * * *” and all praise is due the Commission 
for this action. But the Committee submits that there the 
“ broader aspects of the issues involved,” viz., equity, inherent 
rights, the evolution of the respective industries, and the policy 
of the public toward its utilities, are all covered by or are subor- 
dinate to the principle of the greatest good to the greatest num- 
ber. This has been the chief consideration followed throughout. 

The Committee does not agree that the rules “ establish by 
implication the principle of the power industry’s legal liability 
for all possible effects of their circuits,’ but does contend that 
they establish in California the power industry’s legal liability 
for unnecessary, unwarranted or avoidable inductive effects 
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where such effects will work hardships materially greater than 
those necessary to avoid them. Neither do the rules establish 

the telephone industry’s fundamental right, wherever it may 
go, to an atmosphere free from magnetic influence, regardless 
of degree or priority of presence.” They do establish the tele- 
phone industry’s fundamental right, wherever it may have 
metallic interexchange circuits (not subscribers’ circuits), to an 
atmosphere free from inductive influences so great as to cause 
harm more serious than the burdens imposed on the power 
industry by reducing such influence. 

The Committee admits the justice of the criticism (favorable 
or unfavorable) that ‘‘ the scope of the restrictions placed upon 
power interests is without tangible limit.” The absolute im- 
possibility of determining in the general case, for example, to 
just what extent the residual current in a power circuit can be 
reduced with a burden on the power system less than the benefit 
to the telephone system, makes it necessary to use the expres- 
sions criticised, ‘‘ closely as practicable’, ‘ every reasonable 
effort”, “‘low as consistent with good practise,’’ etc.; unfortu- 
nately, perhaps, the communication interest is the party best 
able to judge the effects of these intangible quantities and this 
interest has been given in some cases the right within fixed 
limits to specify quantities, on the assumption of co-operation, 
with the Commission as a court in case of disagreement. The 
Committee hopes that its future work will make it possible to 
be more explicit with respect to such quantities as are capable 
of quantitative analysis into burdens and benefits. 

The Committee admits also that the communication interests 
have much of their future life to gain and nothing to lose by the 
investigation and its results, and that the power interests have 
nothing to gain and little to lose as compared to the gains of 
the other party; for which reason the telephone interests have 
contributed to the work more men, funds and equipment than 
have the power interests, and have naturally taken a deeper in- 
terest in the work. Admittedly also, the telephone interests 
of practically the whole country have been pitted against the 
power interests of California, which in this work were not “* com- 
petitive and without cooperative organization.” But the 
Committee denies that the natural zeal set up by this greater 
incentive has been effective in making its recommendations 
depart from the principle of the greatest good to the greatest 
number. 

A more nearly just criticism is that “ the problem les no 
more with the cause and its removal than with effects and 
their prevention,” but the Committee has not yet found many 
opportunities for improvement of telephone plant or operation 
because the telephone interests have already made many such 
improvements. ; 

It is not true that ‘ none of the expense or burden of this new 
regime falls upon the telephone interest.”” The rules recom- 
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mended cover retransposition of the telephone lines to match 
power line transpositions, which is no small requirement, since 
many telephone transposition points are required for each power 
transposition, and with a heavy telephone lead there must be 
a large number of transpositions at each transposition point. 
It is hoped that the future work of the Committee may develop 
other possibilities of improvement of the telephone plant. 

The more specific criticisms of details of the report are subject 
to the following comments: 

The requirement of wave shape of synchronous machinery 
does not mean that the power companies of California are now 
using generators of inferior characteristics, nor does it mean 
that “electrical manufacturers must now evolve a line of 
generators of new design and characteristics for the special 
needs of California trade.”’ It does mean that due weight should 
in the future be given the matter of wave form from the stand- 
point of its possible inductive effect on other circuits. There 
is nothing extreme contemplated. The Standardization Rules 
of the Institute are set up as the limiting requirements. 

With regard to the exciting current of transformers, investi- 
gation will show that the 10 per cent limitation covers all ordi- 
nary practise and good design, but excludes densities SO ex- 
cessive that they might be considered “ freaks.” 

The requirement of oil switches rendered automatic for 
abnormal neutral currents, far from being beyond mechanical 
possibility, calls only for the addition of the most simple kind 
of an overload trip connected in a circuit of ground potential. 

The rule regarding line testing in case of trouble does not 
“ prohibit present prevailing practise’ as far as California is 
concerned, and does not “require the development of new 
methods and new apparatus for the localization of line faults,” 
but does enforce the best prevailing California practise, with- 
out new methods or apparatus. 

The record of hourly measurements of neutral currents is 
called for only at the main generating and substations, at most, 
if not all of which, operators are on duty at all times, for which 
reason this rule does not “in effect seem to require a regular 
corps of attendants at every point of transformation employ- 
ing a ground connection.” 

Harmonics of either voltage or current in a power system, 
far from being “a problem of many years study by engineers, 
manufacturers and power companies alike, the solution of 
which might have saved from financial failure many of the 
power ventures of the past decade,” are usually inappreciable 
so far as the operation of the Power system itself is concerned, 
and in the few extreme cases where they are so appreciable, 
they can be reduced without material expense. 

The only rule affecting construction at points of close proxi- 
mity is not outside the scope of the Committee’s work, as an 
examination of that part of the report covering the formation 
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of this committee would show that the Railroad Commission 
called for recommendations “tending to minimize inductive 
interference and physical hazard arising from parallelism of 
different classes of circuits.”’ 

The specifications referred to as those of the N.E. L. A. are 
well known in California as those embodied in the joint report 
of the Committee on overhead line construction of the N. E. 
L. A., the High-Tension Transmission Committee of the ele 
E. E., the committee on power distribution of the A. E. cas 
and other committees, and were referred to by the above ab- 
breviated name since the same name is used by the Railroad 
Commission of the State of California in its General Order No. 
26 covering overhead crossings. 

Series arc circuits are not constant potential in character 
and are therefore excluded from the rules under the definition 
of power circuits. 

The criticism referring to roads with telephone lines on both 
sides is generally inapplicable, as most. such duplication is of 
subscribers’ circuits, which are excluded. 

Some other criticism might be similarly shown to be due to 
a lack of care in reading the report or of familiarity with the 
subject. ; 

The criticism of the ruling on the use of air switches has 
been based on an entire misinterpretation of the spirit of the 
work. The Committee stated that the reason for this ruling 
was the commonly recognized fact that oil switches produce 
less severe transient disturbances in power circuits. While 
this may not be true so far as voltage rise in the power circuits 
is concerned, the disturbances which affect by induction neigh- 
boring communication circuits are far more severe when air 
switches are used than when oil switches are used. The dis- 
turbance of a power circuit due to switching that causes the 
greatest inductive interference is the breaking of one or two phases 
in advance of the other two or one phase. In case of a system 
with neutral grounds this action gives a large momentary ground 
return current in‘ the power circuit. In case of an isolated 
system this action gives momentary application of full line volt- 
age to only one or two conductors, with no balancing voltage 
on the other conductor or conductors. Either result causes 
inductive effects excessive as compared with normal operation. 
A properly constructed oil switch gives more nearly simultaneous 
interruptions in all poles, hence this inductive effect is of shorter 
duration. The published data on which this ruling has been 
criticised give the following information on this point: 

The maximum time necessary in which to interrupt the arc in any 
of the 50,000-volt tests was 25 seconds and the minimum 2 seconds, 
the average time for a large number of the tests being 6 seconds. The 
average time necessary to interrupt the arcs in the 110,000-volt test 
was 7 seconds, the maximum being 16 and the minimum 3. This means 
that the air-break switch requires anywhere from 120 to 1500 cycles in 
which to interrupt a)circuit, while the oil switch may accomplish this 
result in half a cycle. (General Electric Review, Sept. 1914, page 868). 
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Other tests on oil switches show breaking of all three phases 
within a small fraction of a cycle. With air switching require- 
ing several hundred cycles to break the circuit, the instant of 
breaking of each phase depends upon atmospheric conditions, 
and the three breaks are separated by far longer time intervals 
than those of oil switches. The excessive residual currents and 
voltages during these time intervals give inductive effects com- 
monly described by the telephone colloquialism “a bat in the 
ear.”’ The Committee has records of many cases of temporary 
injury to hearing, bothfrom air switching, and from the use of 
oil switches not properly interconnected for simultaneous action. 
Members of the Committee represent by far the largest users 
of both air and oil switches on the Pacific Coast and also rep- 
resent interests having by far the largest number of parallels 
existing in California, if not in the world. The experience of 
the interests represented amply confirms the scientific bases 
for these rulings. 

A. H. Babcock (by letter): If the minutes of the meet- 
ing at which the Joint Committee was organized could have 
been published with the report, certain criticisms, perhaps, 
would have been worded differently. The minutes are too 
lengthy for publication, even in abstract, but the history of 
the organization of the committee as recorded therein is now 
given to show the reasons for. the investigation, the spirit in 
which it was undertaken and prosecuted, and the representative 
character of the members of the committee. 

Several complaints had been made to the Railroad Com- 
mission by the Pacific Telephone & Telegraph Company, 
against inductive interferences by certain power companies’ 
circuits. Tests to determine causes and remedies had been 
carried on for two months by the companies involved, working 
with the authority of the Railroad Commission Engineering 
Department. The results promised so much that, at the re- 
quest of the chief engineer of the Railroad Commission, a general 
meeting was called ‘“‘ between representatives of various tele- 
phone, telegraph and power companies of California, and re- 
presentatives of the Railroad Commission of the State of Cali- 
fornia, for the purpose of appointing a committee to conduct 
tests and gather information with reference to induction matters, 
both applying to cases now before the commission, and generally 
throughout the State.” (Minutes). 

Invitations to appear at the meeting were sent to every 
telephone, telegraph and power company operating within the 
State. Twenty-three companies responded by representative 
appearances. After a preliminary discussion the Railroad 
Commission requested all the power men to meet in one room, 
all the telephone and telegraph men to meet in another room, 
the two groups each to name four men to serve on the com- 
mittee, (subject to the approval of the commission), with four 
members of its engineering department staff, and one from the 
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railway interests, not included with either of the two groups 
in adverse interest, because the railways operate both power 
and communication circuits. 

The president of the Railroad Commission in opening the 
meeting above mentioned said, “It is distinctly understood 
on behalf of the commission that we desire to have this committee 
appointed representing the power companies and the telephone 
and telegraph companies and this commission, and that of course 
the recommendations of this committee will be very persuasive 
on the commission, but * * * * the commission will formulate 
the rules we * * * * believe we can get permanent results that 
will help us in the future on these matters of construction, and 
we desire it understood specifically that it is to be carried on 
not exactly under the direction but under the supervision of 
the commission with a View of a recommendation to this com- 
mission.”’ 

The personnel of the committee selected is given below. 
Representing Railroad Commission: 

Mr. R. A. Thompson, Chief Engineer. 

Mr. A. R. Kelley, Assistant Engineer. 

Mr. James T. Shaw, Assistant Rate Expert. 

Mr. R. Emerson Hoar, Assistant Rate Expert. 


Representing Ratlroad Interests: 
Mr. A. H. Babcock, Consulting Electrical Engineer, Southern Pacific 
Company. 
Representing Telephone and Telegraph Interests: 
Mr. A. H. Griswold, Plant Engineer, The Pacific Telephone and 


Telegraph Company. 

Mr. R. W. Gray, Division Superintendent, Western Union Telegraph 
Company. 

Mr. C. H. Temple, General Manager, United States Long Distance 


Telephone Company. 
Mr. L. M. Ellis, General Manager, Union Home Telephone Company. 


Representing Power Interests: ‘ 
Mr. H. A. Barre, Electrical Engineer, Pacific Light and Power Cor- 


poration. 
Mr. Louis Elliott, Engineer, Great Western Power Company. 
Mr. P. M. Downing, Engineer, Pacific Gas and Electric Company. 
Mr. J. E. Woodbridge, Chief Engineer, Sierra and San Francisco 
Power Company. . 
The organization and personnel of the Joint Committee on 


Inductive Interference were approved by the Railroad Com- 
mission on January 6, 1913, and the committee thereupon pro- 
ceeded with the necessary tests and investigations. 

Since the formation of the committee, through additions, 
resignation or death, the personnel of the committee has changed 
as follows: : 

Mr. Louis Elliott resigned and Mr. J. A. Koontz, Engineer 
of the Great Western Power Company, was appointed in his 

lace. 

3 Mr. V. V. Stevenson, Electrical Engineer of the Postal Tele- 
graph Cable Company, and Mr. L. N. Peart, General Super- 
intendent of the San Joaquin Light and Power Company, 
were added to the original membership by action of the com- 


mittee. 
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Mr. R. A, Thompson, Chairman of the Joint Committee, 
resigned. Mr. W. C. Earle, his successor as Chief Engineer 
of the Commission, was elected to membership and chairman- 
ship. Subsequently Mr. Earle resigned and Mr. Richard 
Sachse, then Acting Chief Engineer, now Chief Engineer of 
the Railroad Commission, was elected to membership and 
chairmanship. : 

Mr. L. M. Ellis resigned and Mr. R. W. Mastick, Trans- 
mission and Protection Engineer of The Pacific Telephone and 
Telegraph Company, was elected to membership. 

Mr. H. S. Warren, Electrical Engineer of the American Tele- 
phone and Telegraph Company, was elected to honorary mem- 
bership. 

Mr. James T. Shaw, Secretary of the Joint Committee, 
resigned. Mr. A.R. Kelley was elected to the office of secretary. 
The vacancy in membership created by the resignation of Mr. 
Shaw was later filled by the election of Mr. A. L. Wilson, As- 
sistant Rate Expert of the Railroad Commission. Mr. James 
T. Shaw was elected to honorary membership. 

The death of Mr. L. N. Peart created a vacancy in member- 
ship which was filled by the election of Mr. J. P. Jollyman, 
Engineer’ of Electrical Construction of the Pacific Gas and 
Electric Company. 

Mr. A. R. Kelley resigned and the vacancy was filled by 
Mr. A. F. Bridge, Assistant Electrical Engineer of the Railroad 
Commission. 

The Chief Engineer of the Railroad Commission always has 
been Chairman of the Committee. 

The power companies whose officers are named above are 
the ranking companies of this State, in respect to age, extent 
of system, and magnitude of interests involved. In at least 
these respects they may be compared with any other similar 
interests elsewhere. Their representatives have carried out 
the investigation in a spirit of non-partisan scientific search 
for the facts, and for the remedy of a condition, in a fashion 
that repeatedly has aroused the whole-hearted admiration of 
the other members of the committee. 

The report represents the best efforts of those who signed 
it. Every sentence was studied carefully. Not one was 
passed for final copy until every member had been given full 
opportunity to present his views, and often, the final vote was 
not polled until certain members were satisfied that every man 
present understood the full effect of the vote on both sides of 
the question. In every case the vote was unanimous. 


Presented at the 299th meeting of the American 
Institute of Electrical Engineers, New York, 
October 9, 1914. 


Copyright 1914. By A. I. E. E. 


PROTECTIVE REACTORS FOR FEEDER CIRCUITS OF 
LARGE CITY POWER SYSTEMS 


BY JAMES LYMAN, LESLIE L. PERRY, AND A. M. ROSSMAN 


ABSTRACT OF PAPER 


This paper outlines the use and limitations of protective 
reactance coils in feeder circuits. When no feeder reactors are 
used, doubling up the station capacity increases the number and 
severity of short circuits. The insertion of feeder reactors 
cuts down the severity of a short circuit and practically renders 
the effect local, so that beyond a certain point additional generator 
capacity does not appreciably increase the severity. 

Curves are given showing what the effects of feeder reactors 
are, with and without bus reactors, for generators of various 
reactances. The advantages that might be gained by parallel 
operation of feeders are discussed and the difficulties to be en- 
countered are pointed out. : 


INTRODUCTION 


N a paper entitled ‘‘ Protective Reactance in Large Power 
Stations ’’ presented at the 1914 midwinter convention of the 
Institute, the authors discussed the use and limitations of current 
limiting reactors in generator circuits and in power station bus- 
bars. 

It was shown in that paper* that, on a radial feeder system, the 
use of busbar reactors tends to confine the disturbances from a 
short-circuited feeder to that section of the busbars to which 
the feeder is connected. It was also shown, in one example, that 
the use of 3 per cent feeder reactors reduced the amount of 
current flow into a feeder short circuit to 1/4 of what it would be 
without feeder reactors. 

It is the purpose of this paper to discuss, in greater detail, the 
use and limitations of reactors in the feeder circuits of large 
city power stations. 

The methods of deriving the curves of this paper are the same 
as are given in the appendix to our earlier paper. Where ref- 
erence is made to maximum values this refers to maximum 
r.m.s. values and not to maximum instantaneous values. 


*See Part I, this volume, p. 23. 
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Transient effects are not taken into account by these curves. 
The transient effects can be derived from the r. m. s. values. 


THE NEED OF FEEDER REACTANCES 


Consider the case of a 225,000-kv-a. power station which 
generates electricity at 11,000 volts. Such a station would have, 
say, 80 feeders each rated at 5000 kv-a. If these feeders average 
three miles in length there would be a total of 240 miles of feeder 
cable installed. If on this system there are five breakdowns per 
100 miles per year, then there might be expected a total of 12 
breakdowns per year on the system, or an average of one break- 
down per month. 

If the station capacity and the number of feeders are increased 
50 per cent and the average length of feeder increased 331/3 per 
cent, then the breakdowns will average two per month. If 
all of the feeder cables are tied directly to the power station 
busbars and no reactors are used in either feeders or busbars, 
heavy short circuits occurring within a mile or so of the power 
stations would be felt over the entire system, and might be felt 
with troublesome severity even when occurring at greater dis- 
tances from the power station. At times of light load, few ma- 
chines are running and the portion of the short-circuit kilovolt- 
amperes carried by each machine on the system might easily be 
several times the normal load rating of each machine. Evidently 
one or two such general disturbances per month could not be 
tolerated. Properly designed feeder reactors limit the amount 
of short-circuit current in a feeder to such an extent that the 
effect is local. 

CURVES 

In order to study the effects of different values of feeder re- 
actance several curves have been plotted. 

Curve Sheet 1 shows the relation between the equivalent 
kilovolt-amperes in a short circuit and the station capacity in 
kilovolt-amperes for six different values of feeder reactance when 
no bus reactance is used. The generators in this case have 
12 per cent inherent reactance. 

Curve Sheets 2 and 3 show similar sets of curves which differ 
from the curves on Curve Sheet 1 only in the values of inherent 
generator reactance, which are chosen at 10 per cent and 8 per 
cent respectively. 

The points of special interest shown by these curves are: 

(a) With infinite generator capacity the equivalent kilovolt- 
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amperes in a short circuit vary inversely as the reactance in the 
feeder circuit. 
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CurvE SHEET No. 1—CuRvVBs SHOWING VALUES OF SHORT CIRCUITS IN 
TERMS oF Kv-A. WITH FEEDER REACTORS OF VARIOUS PER CENTS— 
INHERENT GENERATOR REACTANCE 12 PER CENT WITHOUT Bus RE- 
ACTORS—5000-Kv-A. FEEDERS. 


(b) The equivalent kilovolt-amperes in a short circuit with 
infinite generator capacity are the same for the three sheets of 


curves, 
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(c) The kilovolt-amperes in short circuit increase more rapidly 
per kilovolt-ampere of station capacity for a small station than 


for a large one. 
Infinite Gen. Cap. 
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CuRVE SHEET No. 2—Curves SHOWING VALUES OF SHORT CrIr- 
CUITS IN TERMS OF Ky-A. witH FEEDER REACTORS OF VARIOUS PER 
CENTS—INHERENT GENERATOR REACTANCE 10 PER CENT WITHOUT 
Bus REactors—5000-Kv-a. FEEDERS. 


A comparison of similar curves on the three sheets shows that 
the variation in generator reactance does not greatly affect the 
curves. Curve Sheet 4 shows the four curves for 3 per cent (of 


———— ee 
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5000 kv-a.) feeder reactance replotted on the saine sheet for 
generator reactance of 12 per cent, 10 per cent, 8 per cent and 
6 per cent, respectively. By comparing the curve for 6 per cent 
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Curve SHEET No. 3—CurvES SHOWING VALUES OF SHORT CIRCUITS 
In TERMS or Kv-A. WITH FEEDER REACTORS OF VARIOUS PER CENTS— 
INHERENT GENERATOR REACTANCE 8 PER CENT wiTHOUT Bus REAC- 
Tors; 5000-Ky-a. FEEDERS. 


generator reactance with that for 12 per cent generator reactance 
the small effect of the generator reactance on the curves is evi- 


dent. 
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Curve Sheet 5 shows the relation between equivalent kilovolt- 
amperes ina short circuit and station capacity in kilovolt-amperes 
with 10 per cent generator reactance and 3 per cent (of 5000 
kv-a.) feeder reactors, under two conditions. Under one condi- 
tion no bus reactors are used. Under the other condition 12 
per cent (of 25,000 kv-a.) bus reactors are used. The points 
of interest here are, that where 12 per cent bus reactors and 3 
per cent feeder reactors are used, the equivalent kilovolt- 
amperes in a feeder short circuit becomes practically constant 
at 125,000 kilovolt-amperes station capacity, and any further 
increase in station capacity has no appreciable effect in increas- 
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STATION CAPACITY kvy-a. 
CuRVE SHEET No. 4—Curves SHOWING VALUES OF SHORT CIRCUITS 
IN TERMS OF Ky-A. WITH 38 PER CENT FEEDER REACTORS AND VARIOUS 
GENERATOR REACTANCES WITHOUT Bus REACTORS—THREE-PHASE 
SHoRT Crrcuits—5000-Ky-a. FEEDERS. 


ing the short-circuit kilovolt-amperes. Where no busbar reac- 
tors, but 3 per cent feeder reactors are used, the short-cir- 
cuit kilovolt-amperes increase until with infinite generating 
capacity they become 167,000 kilovolt-amperes. 

Interpreted in another way, when the busbar reactors are 
used, the feeder reactors absorb 75 per cent of the voltage and 
therefore give a 25 per cent drop in voltage on the section of the 
busbars to which the feeder is connected, under the worst condi- 
tions of short circuit. This means that all of the feeders connected 
to that section will suffer a momentary drop in voltage of 25 per 
cent. Where no busbar reactors are used, the feeder reactor 
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on the defective feeder will, under the worst conditions, absorb 
100 per cent of the voltage and will pass 40,000 more kilovolt- 
amperes, but the voltage of the other feeders on the system will 
not be appreciably affected. If there were no possibility of a 
short circuit on the busbars or between the busbars and the 
feeder reactors and no possibility of a failure of the generator 
windings or connections between windings and busbars, it is 
evident that the use of feeder reactors alone is preferable to 
the combination of feeder reactors and busbar reactors, 
but with these live possibilities of trouble always present, busbar 
reactors should be considered. Whether or not they should 
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CurvE SHEET No. 5—CuRVES SHOWING VALUES OF SHORT CIRCUITS 
IN TERMS oF Kv-A. WITH 3 PER CENT FEEDER REACTORS, 10 PER CENT 
GENERATOR REACTANCE—WITH AND WITHOUT 12 PER CENT Bus RE- 


ACTORS—5000-Kv-A. FEEDERS. 
Bus reactance rating based on 25,000 kv-a. Bus reactors located between adjacent 
generating capacities of 25,000 kv-a. 


be adopted depends upon the particular conditions of the system 
under consideration. It is evident that a very large power sta- 
tion without either bus reactors or feeder reactors is liable 
to short circuits which will endanger apparatus and service, 
due to the practically unlimited concentration of power in the 


short circuits. 


Errect or FEEDER Reactors ON VOLTAGE REGULATION 
At 0.8 power factor a 3 per cent feeder reactor will cause a 
voltage drop of approximately 1.8 per cent, at 0.9 power factor, 
a drop of approximately 1.3 per cent, at 0.95 power factor a 
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drop of approximately 1.0 per cent, and at 0.98 power factor a 
drop of approximately 0.6 per cent. 

_ In large city power stations such as have been considered, there 
is always a considerable amount of synchronous apparatus in 
operation at a high power factor and the voltage drop due to 3 
per cent reactance in their feeders will be low. 


THE PARALLEL OPERATION OF FEEDERS 


The paralleling of a-c. feeders on a set of busbars at the sub- 
station end and the tying together of the different substation 
buses by means of tie feeders between substations would be highly 
desirable on most of our large city systems, if it could be safely 
accomplished. Such a method of operation would allow maxi- 
mum facility in the interchange of power between various parts 
of the system, with a minimum amount of cable; the cables be- 
tween the power station and each substation would be more 
evenly loaded and the total number of cables could be reduced. 
Because of the cables between substations, the necessity of idle re- 
serve cables between power station and substations would be 
eliminated. During the period of peak load on a given substa- 
tion, power would flow in over the tie cables from substations 
not carrying their maximum loads; and later when the conditions 
of peak were reversed the flow of power would be reversed. 


THE EFrect oF REACTANCE COILS ON THE PARALLEL OPERATION 
OF FEEDERS 


To assist in the study of the amount of short-circuit current 
which can flow into a fault, the series of curves on Curve Sheet 6 
was plotted. These curves can be applied to approximate the 
amount of short-circttit current into a fault on the busbars of a 
power station where busbar reactors are used, or to approxi- 
mate the amount of short-circuit current into a fault on or near 
the substation busbars where several feeder cables are connected 
in parallel on the substation busbars with busbar reactors 
between them. 

As applied to the case of a power station, one or two examples 
will be cited. Assume the case where the ratio of generator 
reactance to busbar reactance (a/b) equals 1/3. The corres- 
ponding curve is almost constant with three running generators. 
This means a short circuit on any section of the busbars is prac- 
tically maximum when the generator on the same section and one 
generator on each adjacent section are in operation, and the 
addition of more generators to the system will not appreciably 
increase the amount of short-circuit current. 
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Where the busbar reactance and generator reactance are equal 
(a/b = 1/1) the maximum value of current is nearly reached 
with five generators running. 


In applying the curves to a substation, consider the following 
concrete example: 


Consider a case in which the inherent reactance in each feeder 


a= % Reactance in each Generator Circuit(inherent & external) 
or % Reactance in each feeder Circuit 


b= % Reactance ineach set of bus reactances or %o Reacta 
in each set of substation bus reactances 


y= Current from Generator(or feeder)into bus 


x= Current from adjacent section of busbars 


Ratios of ae ge a etc. are plotted below —— 
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CurRVE SHEET No. 6 


equals 1 per cent, artificial reactance equals 3 per cent, and bus 
reactance equals 3 per cent, all based on 5000 kilovolt-amperes. 
Then if a short circuit occurs on or near the substation busbars 
the kilovolt-amperes flowing in over the short-circuited line equal 


a or 125,000 kv-a. a/b = 4/3 = 1.33. From curves, by 
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interpolation, x/y = 0.75. Hence, the kilovolt-amperes flowing 
over each adjacent bus reactor equal 0.75 125,000 = 93,750 
kv-a. and the total kilovolt-amperes flowing into the fault 
= 125,000 kv-a. + 293,750 kv-a. = 312,500 kv-a. 

The 93,750 kv-a. flowing in over each bus reactor are com- 
posed of two components, one flowing in over the second 
reactor and the other over the adjacent line. These also bear 
the relation to each other of x/y (= 0.75). Hence, over the sec- 
ond reactor there flow in 40,180 kv-a. and over the adjacent 
feeder 53,570 kv-a. 

In this case with 125,000 kv-a. flowing into the fault from the 
feeder on the same section with the fault, and 53,570 kv-a. 
over each adjacent feeder, it is probable that all three of these 
feeders will go out at once and these will be followed by the other 
feeders in the substation. 

Consider another case in which the total reactance in the feeder 
‘is as high as 10 per cent, and the bus reactance is also 10 per cent. 
(Both based on 5000 kv-a.). Then, in case of a short circuit on 
or near the substation busbars, the kilovolt-amperes flowing in 


over the line equal at or 50,000 kv-a. a/b =1. From the 


curve, x/y = 0.62. Hence, kilovolt-amperes flowing over each 
adjacent bus reactor = 0.6250,000 = 31,000, and the total 
kilovolt-amperes flowing into the fault = 50,000 + 231,000 
= 112,000 kv-a. 

The 31,000 kv-a. flowing in over each bus reactor are com- 
posed of x and y components bearing the relation x/y = 0.62. 
Hence, over the second reactance there flow in 11,850 kv-a. 
and over the adjacent feeder, 19,150 kv-a. 

In this second case 50,000 kv-a. flow in over the feeder con- 
nected to the faulty section of the busbars, while 19,150 kv-a. 
flow in over the adjacent feeders. It is therefore probable that 
with the ordinary relay setting, all three of these feeders will 
go out at nearly the same time and that these will be followed 
by others. Furthermore, such large reactors in feeders and 
substation busbars would have a serious effect on the voltage 
regulation of the system, and would in a large measure defeat 
the purpose of their installation, viz.,to permit the free inter- 
change of power between different parts of the system. 

Another arrangement of feeder reactors would be to place 
reactors at both ends of the feeders and omit the reactors 
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from the substation busbars. This scheme would be more 
objectionable than the one discussed above, because a short cir- 
cuit on the substation busbars would be fed by the several feeders 
in parallel, and, if these feeder circuits were all alike, the 
kilovolt-amperes flowing into such a short circuit would be 
directly proportional to the number of feeders connected to the 
substation busbars. 

Several power stations of about 50,000-kv-a. generating capac- 
ity are operating today with feeders tied together at the substa- 
tion end. In several of these stations it has been noticed that a 
severe feeder short circuit usually trips out several feeder switches 
and sometimes causes a general interruption to service. 

The above analyses show that even on feeders from a very 
large generating station, feeder reactors of moderate size 
effectively limit the amount of current flowing from the power 
station end into a short circuit on the feeder. On the other hand, 
if this feeder is one of a number of feeders connected in parallel 
at the substation end, a short circuit will have a back feed from all 
of the other feeders connected to the substation busbars. The 
amount of kilovolt-amperes flowing over these other parallel 
feeders is likely to be sufficient to trip out part or all of the oil 
switches on these circuits. 


SUMMARY 


In a large city power system, the miles of underground cable 
and consequently the cable faults increase at a faster rate than 
the generating capacity. The severity of short circuits also in- 
creases with increased generating capacity. Feeder reactors 
are particularly effective in reducing and localizing the effect of 
such short circuits. When properly proportioned feeder reac- 
tors are used, an increase or decrease of generator reactance has 
only a limited effect on the amount of kilovolt-amperes flowing 
into a fault. Bus section reactors in the generating station in 
connection with feeder reactors still further reduce and local- 
ize these effects, even when it might be more desirable to distri- 
bute their effect if other conditions permitted. 

It would be desirable for many reasons to operate feeders 
in parallel at their substation ends, but such operation tends to 
increase greatly the kilovolt-amperes flowing into a feeder short 
circuit and to cause other feeders besides the one affected to trip 
out when overload relays with the usual settings are used. 
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USE OF REACTANCE WITH SYNCHRONOUS CONVERTERS 
AN INSURANCE OF CONTINUITY OF SERVICE AND A 
PROTECTION OF APPARATUS 


BYPS)S Slee MCK EVAR DIE 


ABSTRACT OF PAPER 


The paper presents the results of overload and short-circuit 
tests made about two years ago uponsome synchronous converters 
in circuit with auxiliary reactors. 

Two entirely separate sets of tests upon two synchronous con- 
verters of widely different operating characteristics are described. 
In the one case the reactor is in the a-c. circuit and in the other 
in the d-c. circuit; yet in each it may be called, and in fact is, a 
protective reactor. 

In presenting this original information the author, with a 
view to indicating its commercial application and hoping to pro- 
voke discussion, has endeavored to divide synchronous converter 
installations in a general way into classes with respect to the 
need or desirability of employing protective reactance, and 
also with respect to the general design or type of the reactor 
tobe employed. Inorder todo this, synchronous converter in- 
stallations are divided into a-few general classes with respect to 
the character and exactions of the service conditions under 
which they are required to operate. 

The paper was written shortly after the tests were made, but 
although much has been learned or written about protective re- 
actors since that date, the author believes nothing has trans- 
pired to affect the value of these tests or to make it necessary to 
change the form in which it was originally intended to present 
them. ‘ 


YNCHRONOUS converter installations considered with 
regard to the relative importance of service and apparatus 
may be divided into three classes: 

I. Installations where it is of prime importance to keep 
voltage on the lines at all times. 

II. Installations where heavy overload sare frequent but 
where, to protect apparatus and accordingly maintain service, 
the voltage may be allowed to drop off during the overload. 

III. Installations where high momentary overloads are fre- 
quent, unattended by appreciable voltage drop, but where brief 
even though comparatively frequent interruptions to service are 
not objectionable in order to protect apparatus. 

I. Installations of the first class are found feeding the network 
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of circuits forming the distribution system of a metropolitan 
lighting and power company. Here the aggregate of power 
handled is the largest found in any power systems. The generat- 
ing, transforming and converting stations are of the largest and 
most highly concentrated. The customers are the most num- 
erous and the most widely distributed. The service required 
is the most varied in quality and quantity. 

In such a system, handling an enormous aggregate of power, 
there is a large demand for service every hour of the twenty-four, 
every day in the year. Any failure, of however brief duration, to 
supply this demand means a great aggregate loss to the customer 
in money and convenience. In such a system, where immense 
quantities of power are generated in a concentrated generating 
station or group of stations, passed out through diverging feeders, 
transformed and converted in a plurality of substations and 
finally delivered 24 hours per day through a multiplicity of cir- 
cuits to the ultimate consumer, the secret of satisfactory service 
lies in the smooth and orderly working of the various parts of the 
system. The difficulties in the way of securing uniform opera- 
tion of such a quantity and variety of apparatus have been over- 
come only through great engineering skill. The method of 
operation is carefully prearranged and the various pieces of 
apparatus are started and stopped according to a schedule so as 
to make the service continuous. It is a tremendous undertaking 
to start and place in normal operating condition all the apparatus 
on the system when once it has been shut down. The utmost 
perfection of cooperation between men is required. A very se- 
vere strain is placed upon the power company’s apparatus, while 
the delay and loss to the consumer incident to interruption is 
absolutely prohibitive. It becomes, therefore, a matter of neces- 
sity to maintain voltage on the customers’ circuits at all times. 

The direct-current feeders are interconnected at many points. 
A short circuit or ground on one feeder would trip out the overload 
breakers at a number of stations and thereby completely remove 
voltage from a comparatively large section of network. It is, 
therefore, considered preferable to omit automatic tripping fea- 
tures in the d-c. feeders. A short circuit or ground must, there- 
fore, burn itself free or be eliminated only by some of the a-c. 
circuit breakers or apparatus letting go. In some of the very 
largest systems, the current-carrying capacity of the largest 
feeder is so small compared to the momentary overload capacity 
of the feeders to which it is tied, and of the apparatus supplying 
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them, that the trouble almost immediately clears itself. The 
total voltage is available at the scene of trouble. An arc of 
such magnitude is formed in consuming this voltage that the 
trouble shortly burns through. The voltage being consumed in 
the feeder having the fault, the remaining feeders continue 
supplied with scarcely reduced voltage and the apparatus run- 
ning from them is scarcely affected. In these systems the trouble 
clears itself without seriously overloading the substation appara- 
tus. In case the trouble should exist in the immediate vicinity 
of a substation so that substation would tend to carty the entire 
trouble, that substation would be saved from damage by the 
tripping out at the generating station of the a-c. supply feeders. 
The trouble would then, if it lasted long enough, be thrown on the 
remaining substations, which would more or less equalize it, and 
on account of their great capacity would be able to carry it until 
it cleared itself. There is, accordingly, no need of protective 
reactance in a substation of this character. 

In systems of this general character but of somewhat smaller 
dimensions the current capacity of the largest feeder bears a less 
desirable ratio to the overload capacity of the feeders and ap- 
paratus supplying it. There are three immediate results: 

(a) The trouble does not clear so quickly, as the current at the 
reduced voltage available at the trouble is not so great. 

(b) The voltage on the other feeders falls off appreciably from 
the normal condition. Lights dim and motors slow down, but, in 
general, all apparatus continues to operate and a general shut- 
down does not result. The apparatus on the particular feeder 
in trouble probably stops owing to the greatly reduced voltage. 

(c) Greater momentary overloads are thrown on all the supply 
apparatus. It is important, therefore, to give the apparatus 
characteristics such as to enable it to withstand these overloads 
satisfactorily. 

The converting apparatus is usually a synchronous converter, 
though in some installations motor-generator sets are employed. 
These motor-generator sets have not the momentary overload 
kilowatt capacity of the converter. Usually the motor will 
pull out of step before the generator is dangerously overloaded. 
The synchronous converter will, in general, carry several times 
more kilowatt load than the motor-generator set before dropping 
out of step. It will carry so much overload before failing in this 
respect that the effect upon commutation must be considered. 
In the case of a shunt-wound motor-generator set, owing to the 
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poor voltage regulation of the generator, the current which can be 
commutated before the motor pulls out approaches more nearly 
the value of current which can be commutated by the converter. 
Some tests which will be given later on show that it is possible to 
throw six times normal full load current on some converters be- 
fore they will flash over. It is obvious, however, that the actual 
possible limit of the converter is not the limit which must be 
observed in a commercial case. Assuming, therefore, that the 
converter will carry 400 per cent normal load current for a time 
comparable to that required for d-c. line trouble to burn itself 
free, it remains to equip the converter with auxiliaries which will 
enable it to escape all load in excess of this amount. There are 
several ways in which this may be accomplished when it is first 
known how much the voltage must be reduced. 
1. Inthe case of a booster or split-pole converter the voltage 
can be lowered to the full buck value at any desired overload by 
‘means of relays in the d-c. circuit actuating the voltage-control- 
ling element of the converter. On account of the time element of 
the relays and rheostat and the magnetic lag in the iron circuit 
of the converter this method is probably not quick enough. 
2. A resistance short-circuited by a circuit breaker may be 
placed in the d-c. lead. The breaker would be tripped at some 


fixed value of current and the resistance placed directly in circuit. , 


Owing to the time element of the ordinary overload circuit 
breaker this method is probably not quick enough. 

3. With reactance placed in the a-c. circuit, a series field can 
be added to the main poles acting in opposition to the shunt 
winding, so that the power factor becomes badly lagging on over- 
loads and the reactance produces a drop in voltage. This in- 
volves a series field on the converter, and the overload capacity 
of the converter is further limited by the wattless armature 
currents caused by the overload current in the series field. 

4. A larger amount of permanent reactance may be placed in 
the a-c. circuit so that, even with a shunt-wound converter and 
approximately constant power factor, a great drop in voltage 
will occur at large overloads. 

The fundamental objection which has been raised to apply to 
this last method as well as to the other methods suggested is 
that, owing to the inertia of the rotating part, the synchronous 
converter, in common with the direct-current generator, delivers 
an instantaneous direct current when the resistance of the ex- 
ternal d-c. circuit is suddenly reduced, which can not be reduced 
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by any of the means suggested and which, particularly in the case 
of the converter, is likely seriously to affect the commutation. 

Without debating this question, it is proposed to state that 
with a reactor of the air-core or unsaturated type in the a-c. 
circuit, there is no question but that the voltage drop across the 
reactor will follow instantaneously and exactly the alternating- 
current variations. It follows that, if the alternating current is 
at all times approximately proportioned to the direct current, a 
reactor may be employed in the a-c. circuit to limit the overload 
current which the converter can deliver. 

Assuming a reactor of 30 per cent, the voltage impressed at 
the collector rings under several conditions of load is shown by the 
side A in the triangles of Fig. 1. The effect of the varying reac- 
tive drop Bis to vary the phase angle of the voltage impressed at 
the collector rings. The converter must therefore be well equip- 
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Fic. 1—SyYNCHRONOUS CONVERTER—EFFECT OF 3 PER CENT 
REACTANCE IN THE A-C. SuPPLY CIRCUIT 


ped with dampers so as to follow closely these phase variations. 
The line voltage is the constant vertical line C. 

With these factors in mind, it is proposed to describe some tests 
which were made to determine the suitability of reactors for 
such service in connection with a converter under a certain set 
of known conditions. 

A certain 250-volt three-wire Edison system enjoying the 
enviable record of having maintained voltage on the bus over a 
long period of years was the subject of this study. Ordinary 
feeder troubles have drawn the substation bus voltage down to 
180 volts or 200 volts. In one or two cases of very severe trouble 
the bus voltage has been drawn down to approximately 160 volts, 
that is, to 64 per cent of normal, before the trouble cleared itself 
without a general shut-down. The amount of reactance required, 
therefore, for a converter on this system is such as will draw down 
converter voltage to 64 per cent of normal before the overload 
exceeds the limits of the converter. 
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A250-volt converter was not available, but a 280-volt, 1000-kw., 
two-phase, 60-cycle, 600-rev. per min. commutating-pole booster 
converter with voltage range of from 240 to 320 d-c. wasavailable. 
This converter was wired up to a bank of three-phase-two-phase 
transformers, in the circuit to which were placed three air-core 
reactors. The converter was loaded on rack resistors. The 
load was thrown on by closing a knife switch and was tripped off 
by means of a d-c. circuit breaker. One element of the oscillo- 
graph was arranged to show the voltage of the a-c. supply circuit 
outside of the reactance coils, for the purpose of showing that to 
a large degree the reduction of the d-c. voltage came about in- 
dependently of any reduction in the voltage of the supply circuit. 
The other two elements of the oscillograph were arranged to show 
the direct current and voltage, which are the quantities of particu- 
lar interest in determining the effect of the reactance. There was 
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Fic. 8—CONNECTIONS FOR CURRENT-LIMITING REACTANCE 


approximately 30 per cent reactance in the circuit in coils and 
transformer. There was a drop of not more than 5 per cent in the 
line voltage; but, due to the reactance and a large resistance drop 
in the converter, transformers and leads, the converter direct 
voltage at 8600 amperes output—that is, at 2.4 normal load—was 
reduced 50 per cent, to 140 volts. See Figs.2,3 and5. Figs. 4. 
and 6 show the record of a second oscillograph. Fig. 4 was taken 
simultaneously with Fig. 3, and Fig. 6 with Fig. 5. They show 
the low-tension voltage at the collector rings and the voltage 
across the reactance coil in the high-tension circuit. Fig. 5 was 
taken to see if the humting would dampen out, and the load was 
held a total of 8 4/5 seconds, which is much longer than the aver- 
age line trouble takes to clear itself. 

The synchronous converter employed was provided with rel- 
atively inefficient dampers, and there was marked hunting at 
approximately 80 alternations per minute when load was first 
thrown on, owing to the shift in phase angle of the voltage im- 
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pressed at the collector rings. There was severe sparking at’ 
intervals corresponding to the period of hunting, which prac- 
tically died out as the hunting ceased. The sparking was not 
so severe but that the load might very probably have been fur- 
ther increased or the reactance reduced, without exceeding the 
flashing limitations of the converter even with its ineffective 
dampers. This hunting and sparking would have been greatly 
reduced and possibly entirely eliminated if the converter had 
been provided with a damping winding of better design. There 
was no appreciable instantaneous d-c. generator effect, as the cir- 
cuit was closed, which could be separated from the hunting action, 
and the tests were considered by a large number of engineers who 
witnessed them to show very conclusively the value of reactance 
used in such an application. 

II. The substations on large or medium size interurban rail- 
way systems are in the class of installations which are subject 
to heavy overloads, where it is, in general, satisfactory that the 
voltage on the lines shall drop off and vary considerably during 
the overloads in order that the supply apparatus may be pro- 
tected from injury. The size of the individual piece of convert- - 
ing apparatus is small compared to the capacity of the trans- 
mission system of trolley wires and feeders, though it is still 
large compared to the maximum momentary overload likely 
to be thrown on it. This is owing to the number of converter 
substations which will be in parallel and will divide any abnormal 
overload. In the case of a short circuit or ground on a d-c. 
feeder, there is great likelihood that the trouble will burn itself 
free as in the first class of systems, the capacity of a single feeder 
or trolley wire being small, relative to the size of the whole system. 

These systems are large enough to have carefully worked out 
train schedules and to require close adherence thereto. Uni- 
formity of trolley voltage is therefore an important requisite and 
the supply apparatus is given a voltage characteristic which con- 
tinues to rise for all moderate overloads. In many cases com- 
pound-wound converters with suitably chosen series field and 
reactance are employed. 

With a shunt-wound converter considerable voltage variation 
would be experienced unless the a-c. and d-c. reactance and re- 
sistance drops should happen to be quite small. With consider- 
able series field and unsaturated reactor, a converter would con- 
tinue to take on load, owing to its approximate straight-line rising 
voltage characteristics, and some means must be supplied to pre- 
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vent this load from reaching a value under abnormal conditions 
which would be injurious to the converter. There are disadvan- 
tages in having this protection in the form of a circuit breaker, 
since such a form of relief simply throws a greater overload upon 
the remaining converters on the system when one trips, and 
a general shut-down may result. It is much preferable to have 
the converters in each substation protected in such a manner 
that, in case a short circuit, grounded feeder, or abnormal load 
due to the bunching of cars occurs at any point of the system, the 
converters in the immediate vicinity will continue on the line, 
carrying all the overload they are able to carry. By providing 
a voltage characteristic which will droop before the critical 
safe overload is reached, the excess load is automatically dis- 
tributed among the converters elsewhere on the system without 
actual interruption of service or drop in trolley voltage such as 
need affect the time schedule. The drooping characteristic 
on overload is obtained by employing a saturating iron-core 
reactor. Iron-core reactors have been installed in some of 
the largest substations in the country to equalize the load be- 
tween transformer synchronous converter units having different 
inherent regulation characteristics. The use of them to divide 
the load between the different substations of a system, and by 
the voltage drop they produce thus to protect the individual 
substation apparatus from injury, thereby tending to secure 
continuity of service, is therefore but a wider application of the 
well-known functions of a well-known piece of apparatus. 

III. The substations on small and medium size interurban 
railway systems are in the third class of installations. One con- 
verter supplies a comparatively long section of trolley line on 
which there is a comparatively small number of cars running 
at relatively long intervals. The drop in trolley line and feeder 
to points distant from a substation is considerable. Additional 
drop in reactance would be objectionable under normal operating 
conditions. The converter should have a rising voltage charac- 
teristic, therefore, to take care of the normal operating condi- 
tions. It must, however, have some protection from d-c. short 
circuits and abnormal overloads, particularly when these occur 
close to a substation. | The overloads have a maximum so much 
greater than the average load and are, relatively, so infrequent 
that neither of the two previous methods of protection is best 
adapted. In this case it is necessary actually to get the converter 
off the line to prevent damage. The bigger the momentary 
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overload which can be carried before tripping off, the better, but 
momentary interruptions are not serious (particularly as in such 
a system the feeders and trolley wires are usually sectionalized 
so that a trip-out at one substation does not mean an interruption 
on the whole system) and the converter must be protected, at 
a temporary expense to service if necessary. 

There is a limit to the current which any commutating machine 
will commutate without flashing over. This limit of instanta- 
neous commutating capacity is usually way above the permissible 
capacity for any appreciable time limited by armature heating. 
The breaker may then be set considerably above any guaranteed 
overload value on such a system as we are now discussing, where 
the overloads, though very great, are very brief. A converter 
will also usually carry a much greater load momentarily than it 
will permit to be tripped off 
without flashing. Now there 
Serer errr are certain auxiliaries which 
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Fic. 9—TIME oF OPENING oF 1600- yond that amount. These 
AMPERE, 600-VoLT Circuit BREAKER os ae : 
auxiliaries consist of a re- 
actor to introduce a time element in the rise of current 
when the short circuit is established, and a quick-acting 
circuit breaker. These two must be proportioned so that the 
trouble will be cleared before the current has reached a value 
which the converter can not safely commutate nor stand being 
tripped off. The reactance must be of the air core or unsaturated 
type and the breaker must necessarily be quite different from 
the ordinary d-c. carbon circuit breaker, which has a very ap- 
preciable time element. 

The ordinary carbon type d-c. circuit breaker has a time ele- 
ment which would require a prohibitive amount of reactance. 
Curve Fig. 9 gives the time element of an ordinary circuit breaker ~ 
of 1600 amperes capacity. This gives the time for the mechani- 
cal operation only. Figs. 12-15 show the time taken by such a 
breaker to open the circuit. 
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The high-speed circuit interrupter as developed by Messrs. 
Fortescue and Mahoney consists essentially of an ordinary single- 
pole breaker, the parts of which are accelerated by means of a 
heavy steel spring. After the spring has ceased accelerating, 
the momentum of the moving parts is gradually absorbed by 
means of a dash pot, so that the mechanism is not injured by 
sudden stopping. The breaker is provided with magnetic 
blow-outs and a special condenser-operated tripping device, the 
moving parts of which are designed to have a minimum of fric- 
tion and moment of inertia. 

The operation of the tripping device depends upon well known 
characteristics of a direct-current circuit, as follows: Under steady 
conditions of load the only resistance offered to the flow of cur- 
rent is the ohmic resistance of the conductor. If the circuit 
were absolutely non-inductive, current changes due to change of 
resistance would take place at an infinite rate, but due to the fact 
that inductance is always present in any circuit, the current takes 
an appreciable time to reach a definite value. This is due to the 
e.m.f. set-up by the inductance, which is proportional to the rate 
of change of the current, and is in opposition to the impressed 
e.m.f. of the circuit. Thus if J) be the current in a circuit 
whose resistance is Ro, if the resistance of the circuit be suddenly 
changed to Rj, the e.m-f. of self-induction must be equal at the 
instant of change to Jy (Ro — Ri). The back e.m-f. of self-in- 
duction is therefore in a measure proportional to the severity of 
the short circuit. If a condenser connected in series with an 
electromagnet be shunted across the circuit, when the sudden 
overload or short circuit takes place there will be a drop in the 
e. m. f. across the condenser due to the inductance of the lines 
between the source of e.m.f. and the point at which the con- 
denser and magnet are connected, proportional to Jy (Ro — Ri), 
and the condenser will discharge through the magnet. By using 
a proper value of capacity the magnet may be made to operate 
at any required value of this back e. m. f., provided that R; be 
not greater than a certain value, which depends on the line con- 
stants of the circuit and the periodicity of the condenser and mag- 
net. Should &; be greater than this value the trip will not 
operate, because it requires an appreciable time for the energy 
set free from the condenser to be transformed into mechanical 
energy in the magnet, and when R, is large the back e.m.f. 
lasts for a very short period. The tripping action is thus not only 
dependent upon the rate of change of the current but also on the 
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final value of the resistance. It may therefore be depended on 
to open the circuit only when the final value of the current 
would be such as to endanger the circuit. 

For slowly varying currents, such as those due to the ordinary 
overloads, the regular overload tripping arrangement must be 
included in the breaker, as the condenser trip fails to operate 
under these conditions. 

In case the current increases at such a rate that the ultimate 
value when the circuit breaker opens will be such as to endanger 
the circuit, additional inductance may be introduced in the cir- 
cuit between the source of e.m.f. and the point at which the 
tripping gear is connected. 

A series of tests was made to determine how severe a short 
circuit a synchronous converter would stand without flashing 
when protected by this quick-acting breaker and suitable 
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operating reactance. The converter shown in Fig. 10 was used. 
This is a 1500-volt, 60-cycle set consisting of two 750-volt con- 
verters mounted on a common bed-plate and connected electri- 
cally in series. The armatures are mechanically separate, though 
a single bearing housing is used between them. The set is rated 
_at 600 kw., 1500 volts, or 500 kw., 1250 volts, that is, it has a full- 
load current of 400 amperes. It is three-phase, with a speed of 
1200 rev. per min. The oscillograms are marked 400 kw., 
though the machine will meet the higher ratings without exceed- 
ing standard temperature guarantees. The connections for test 
were made as per Fig. 11. 

The oscillograms are shown in Figs. 12 to 22, Fig. 22 simply 
giving the time for Figs. 12 to21. It showsa 25-cycle wave taken 
with the film run at the same speed, andis of no other value. 
The d-c. circuit of the converter was closed by means of a knafe 
switch as shown in Fig. 11, the load consisting of resistance 
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which could be varied in amount. The reactor, of air-core 
type, was so constructed that its reactance could be varied by 
placing the sections in series or parallel. 

In the first tests, as shown by Figs. 12 to 15, the quick-acting 
circuit breaker was omitted and the circuit was opened non- 
automatically by means of the carbon circuit breaker after a 
period long enough to determine whether the load itself would 
immediately result in flashing. For Figs. 12 to 14 one element 
of the oscillograph was connected as indicated by dotted lines in 
Fig. 11, to show the voltage across the resistor and choke coil. It 
will be observed from Fig. 12 that approximately 2100 amperes or 
525 per cent normal load current was thrown on and tripped off 
this converter without flash-over. Figs. 13 and 14 show duplicate 
tests under heavier short-circuit conditions. The direct current 
rose to a steady value of 2600 amperes and the converter flashed 
when the circuit was tripped. Fig. 15 shows test under the same 
conditions except that the voltage élement of the oscillograph 
was changed to the full line position in Fig. 11 so as to give the 
machine voltage. In these tests the final direct current was, of 
course, limited only by the total resistance in the d-c. circuit, 
although the effect of the reactor in retarding the rise and fall 
of the current is very noticeable from the films. 

For the tests shown by Figs. 16 to 21, the quick-acting breaker 
was in circuit. The object of the reactor in connection with 
this breaker was to so affect the rate of increase of current that 
the breaker would be able to trip out before the current reached 
such a value as to cause flashing. Fig. 16 shows a test under the 
same short-circuit conditions as Fig. 15. Figs. 17 and 18 are 
with reduced resistance in the short-circuit path. As shown by 
Fig. 19, the resistance was then reduced to approximately 0.1 
ohm. The quick-acting circuit breaker started to open the cir- 
cuit and then arced across the terminals and short-circuited, so- 
that the current—3500 amperes—was practically the same as 
though the quick-acting breaker had not opened at all. The quick- 
acting breaker was simply an experimental breaker and did not 
have the proper insulating clearances which would be given a 
commercial breaker to meet such conditions. The converter of 
course flashed over, as would be expected, when the circuit was 
finally tripped by hand. The next test, as shown by Fig. 20, 
was made with no resistance except that of the cables and the 
reactance coil, which latter amounted to 0.23 ohm, in the exter- 
nal circuit. The impedance was increased to 13 ohms. The 
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last test, as shown by Fig. 21, was made with the choke coil re- 
sistance of 0.05473 ohm and the cable resistance only in the exter- 
nal circuit and the impedance reduced to 0.903 ohm. This test 
was made for the purpose of showing how quickly the current 
would rise under such a short-circuit condition. The breaker 
opened as in Fig. 19 but arced across terminals and short-circuited, 
causing a final flow of current of 3900 amperes. It is interesting 
to note that the converter carried this 975 per cent current load 
at approximately 700 volts without flash-over, although it of 
course at once flashed over when the load was tripped off. 

These tests are described to establish the fact that, if a prop- 
erly designed quick-acting circuit breaker be used, and the proper 
amount of reactance be placed in the d-c. circuit, it is impos- 
sible to flash a converter over, as the circuit breaker will trip 
out the circuit before the current approaches the tripping out 
flash-over value. As shown by Figs. 12 and 13, this flash-over 
value for this particular converter is somewhere between 2100 
and 2600 amperes. It is interesting to mention that as far as 
this particular converter is concerned there is scarcely need of 
such protection under the particular test conditions. The tests 
were made one right after the other and whenever the converter 
flashed over the commutator and brushes were so slightly burned 
that it was unnecessary to do any work on them between tests. 
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Discussion ON ‘‘ ProtectTivE REACTORS FOR FEEDER CIR- 
cuITs OF LARGE City Power Systems ”’ (LYMAN, PERRY 
AND RossMAN) AND “‘ USE OF REACTANCE WITH Syn- 
CHRONOUS CONVERTERS” (YARDLEY), New YorkK, OcTOBER 
9, 1914. 


D. B. Rushmore: It is very difficult to consider the subject 
of reactors for power stations or feeders without studying the 
apparatus, such as generators, transformers, oil switches, pro- 
tecting apparatus, etc. 

As a rule, electrical disturbances are due either to high currents, 
high voltages or high frequencies; and high frequencies have, as 
a rule, an indirect effect of producing high voltages, so we have 
simply high currents and high voltages to contend with. 

The use of reactors as a protection against high voltages is 
well known, and, I take it,is rather outside of the subject of the 
papers tonight; so we come down to the use of reactors/as pro- 
tective devices against high currents, and this is a subject 
which is comparatively new. 

Those who have been associated with the building of trans- . 
formers, know it is only a very few years since competition was 
based on excellencies of regulation. The transformers that 
regulated 15 per cent were supposed to be very much better 
than those which regulated 2} per cent. Now, however, the 
customer frequently specifies that the transformers must con- 
tain six or eight per cent reactance and even higher. 

In designing generators, transformers, and to some extent 
converters and other svnchronous apparatus, if you design for 
commutation and heating there will be a natural reactance 
that will fit these conditions, and without an abnormal design 
you cannot vary these reactances beyond a certain point. 
It is therefore a question discussed in many cases as to how much 
internal and how much external reactance there shall be. 

The use of reactors in power stations also involves a study of 
feeder reactors, because one is so dependent upon the other. 
The injurious effects which these reactors are supposed to protect 
against are, first, the incidental rush of current, which is destruc- 
tive to the windings and brings tremendous mechanical forces 
to bear thereon. Secondly, there is the heating effect, and 
it has been necessary to investigate to some extent the time which 
apparatus will stand very abnormal heating conditions when 
there is practically no chance for the dissipation of heat, but 


simply its absorption in the material in which it is originally 
generated. 

Reactance is an evil; itisa necessary evilin some cases, but what 
we want is a reactance which is only there when it is required; 
so if someone will invent a reactance which is not a reactance 
until it is wanted, we will be greatly helped. That is, a reactance 
which is very low until the current exceeds a certain amount, 
and then is automatically raised to a very high value. 
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Philip Torchio: We hear so much talk of reactance now, be- 
cause we neglected to take into account its importance in the 
past. For instance, very few of us used to consider when we 
compared the breaking capacity of a switch whether the short 
circuit was on a 25-cycle generator, or a 60-cycle generator. 
Provided it was the same capacity generator, we would have 
expected that the short circuit effect would be the same. But 
it makes a large difference in a feeder short circuit whether the 
current is 25-cycle or 60-cycle. At 60 cycles the reactance of 
the feeder would be 2.4 times that at 25 cycles, and the effect 
of short circuit would therefore be very different in the two cases. 

I think the authors have covered pretty fully the benefits 
and advantages obtained from the use of reactors on feeders. 
I wish to add a few statements which have been perhaps omitted. 
One is, that the energy loss in feeder reactors is extremely small, 
and amounts to less than 1/10 of one per cent on 60-cycle, and less 
than 1 of one per cent on 25-cycle transmitted power for a 33 
per cent reactance. 

In addition to limiting the current flowing into a feeder short 
circuit, the feeder reactance further increases the continuity of 
supply by preventing the generator bus voltage from materially 
dropping. As an example: Assume the 150,000-kv-a. bus with 
8 per cent generator reactance given in the paper, with 5000- 
kv-a. feeders having 3 per cent reactance. The maximum feeder 
short circuit would cause only a momentary 9 per cent drop 
in the bus voltage. This is very essential in holding all of the 
synchronous apparatus in step on the system. 

In very large systems the question of limitation in rupturing 
capacity of oil switches is a burning question. In this respect 
a 2 per cent or 3 per cent limiting reactance on the feeders would 
ensure the opening of the feeder short circuit under all con- 
ditions, without the least strain on the switch, or interference 
with the rest of the service. 

The New York lighting companies found from their experience 
that some of the few serious generating station troubles were 
occasioned by failures of high-voltage motors driving auxiliary 
apparatus like station exciters, etc. 

Recognizing this fact, they were pioneers in the use of feeder 
reactors by equipping all of the feeders supplying generating 
station auxiliaries with reactors, which have proved to eliminate 
entirely all of the serious troubles from that source. 

Fig. 1 gives an illustration of such an installation, showing three 
sets of 250-kw. 8000-volt motor-generator exciters, each equipped 
with 2.5-kv-a. reactors. 

The first station designed and equipped for busbar reactors 
and feeder reactors is the 201st Street station of. The United 
Electric Light & Power Company, having an ultimate capacity 
of 130,000 kw., 8000 volts, three-phase, 60 cycles. Between 
each two sections of buses there are installed 18 per cent reactors 
(based on 30,000 kv-a.), and on each 4000 kv-a, feeder 33 per 
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cent reactors. The feeders are arranged in groups of two, each 
group being fed from a group switch. There are only two reac- 
tance coils for each feeder. 

Fig. 2 shows one coil of one feeder in the front compartment, 
while the other coil is in the back compartment. In each of 
these compartments and on top of the existing coil there is a 
vacant space for the addition of a second coil for the second feeder 
not yet installed. 

Fig. 3 shows a compartment with the double coil for the two 
feeders, both feeders of this group being already installed. 
On the right side are shown the terminals of the reactors through 
porcelain bushings. 

Fig. 4 shows perhaps more in detail the construction of the 
feeder reactors and illustrates also the method of winding of 
the coil, which, after being saturated and baked, is placed in the 
holder with porcelain supports at top and bottom and sides, 
and ebonized asbestos board panel enclosures, for safety to 
apparatus and men. 

In this connection I wish to lay stress upon the point of using 
insulated windings for the reactors. Coils with bare windings 
do not appear to me to be in keeping with the scrupulous separa- 
tion by barriers and insulation of all high-tension conductors 
and wiring of a modern switchboard. Furthermore, I think 
that some insulation is necessary to protect the windings from 
foreign substances, vapors, accidental moisture and vermin. 
The difference in cost between bare windings and insulated 
windings is very trifling. The idea that bare windings can 
withstand higher temperature and therefore are safer is mislead- 
ing, because it overlooks the fact that the protective reactance 
coils are always in circuit with other apparatus, like generator 
or transformer windings, cables and current transformers, all 
of which are insulated with fibrous materials and have less 
facilities to radiate heat than the reactance coils, and: would 
burn out long before the insulation on the reactance coil would 
suffer. 

From an extensive experience with insulated-winding reactors 
under most diversified conditions in this country and abroad, 
there is not a single instance of failure. Furthermore, some of 
these reactors have operated for several seasons when covered 
with soot and dripping wet from rain and snow blown on them, 
under conditions where a bare winding would have undoubtedly 

failed. 

H. W. Buck: This question of reactance is certainly very 
important in alternating-current circuits, but I do not think 
that we should allow ourselves to be led to believe that all al- 
ternating-current systems should have reactors installed upon 
them. Simplicity is an excellent engineering goal to steer for, 
and our alternating-current installations are already too com- 
plicated, and reactors still further increase it. The acute neces- 
sity for reactance has been brought to our attention within 


FLAITC UXAIV. © 
N51 Eyal 5 
VOL. XXXIIl, 1914 


[torcHIO] 


Fic. 1 


[rorcHIc} 


JAG, 2 


PLATE CXXV. 
val omibspe ese 
VOL. XXXIIl, 1914 


{[TORCHIO] 


BIGac 


[ToRCHIO] 


Fie. 4 


1914] DISCUSSION AT NEW YORK 1537 


recent years through the development of such systems as that 
of the New York Edison Company and the Chicago Edison Com- 
pany and others, where an enormous amount of power is con- 
centrated in one generating station with the power transmitted 
over circuits of small inherent reactance, with the consumers 
located at comparatively short distances from the sources of 
generated power. 

Here reactors are needed to improve the service and to pre- 
serve the integrity of the system against damage from abnormal 
magnetic forces. The enormous momentary flow of current 
in an alternating-current generator under short circuit, possibly 
ten or fifteen times what it is at the end of a few seconds, causes 
magnetic effects which are irresistible with a number of genera- 
tors connected to the busbars and with possibilities for destruc- 
tion in the stations which are very great. 

Many instances of such destruction from magnetic forces 
have been noted and some which I have seen are as follows: 

In one case a short circuit took place near a large power house. 
The busbars which were installed inside of a modern brick struc- 
ture were blown out by magnetic repulsion through the brick 
of the surrounding structure, the busbar structure itself was 
demolished, and the copper of the busbar was blown 40 ft. or 
50 ft. from its original location. 

In another case, about 24 one-million-circular-mil _ single- 
conductor cables were racked on the wall of a run-way about 
15 ft. wide. A short circuit took place in a manhole near the 
power house, with the result that every cable in the run-way was 
torn from the cast iron racks on which they were supported and 
hurled across the run-way, damaging the masonry on the op- 
posite side. 

A third case resulted in a short circuit of a power house of 
about 60,000 kw. normal capacity. The feeders through which 
the short-circuit current flowed were of ordinary three-conductor 
type, lead-covered. Under the magnetic stress prevailing 
several of the cables exploded, blowing the lead covering to 
pieces and demolishing sections of the eight-duct conduit in 
which they were installed. 

I mention these instances to show the possibilities of the 
enormous magnetic mechanical forces which are available 
momentarily under short circuits from the large power houses, 
and the necessity of limiting the maximum flow of current under 
conditions of short circuit by the installation of reactors. 

On long distance transmission systems where an overhead 
line intervenes between the generating station and the point 
where the power is used, reactance is not needed to prevent 
destruction at the receiving end, as the line itself necessarily 
has such high reactance that it automatically limits the flow 
of current at the terminus of the line to a safe maximum amount. 
Distribution systems, therefore, which are fed by long-distance 
transmission need reactors only for the purpose, as stated in 
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the paper, of controlling the regulation and for limiting the 
voltage disturbances on the system. pile 2° 

There is an important use of reactors on long-transmission 
trunk lines where a tap line is connected to the main trunk line, 
over which a comparatively small amount of power is supplied. 
Here it may be necessary to limit the amount of current which 
can flow over the branch line and so prevent its being a menace 
to the service on the main line. By installing a 5 per cent or 
10 per cent reactor in the branch line, the service over the main 
line is not interrupted, and the effect of short circuit on the 
branch line is practically negligible to the trunk line service. 

It is unquestionably desirable to install reactance coils on 
such large systems as that of the New York Edison Company 
to prevent damage from magnetic forces where the service 
is through three-conductor underground cables of small inherent 
reactance, where the maximum flow of current is limited only 
by the ohmic resistance of the circuit. 

H. R. Summerhayes: Mr. Buck has just emphasized the 
necessity for simplicity in alternating-current systems. To - 
my mind we should aim for simplicity in operation, and possibly 
we may accomplish that by the addition of apparatus in the form 
of reactors. 

In Mr. Yardley’s paper it was pointed out that on the Edison 
d-c. systems of the larger size, in which the whole network is 
connected in multiple, troubles are local, and they burn them- 
selves out and do not result in a shut-down of the whole, or 
even of a large portion of the system. In fact, it is seldom that 
even the synchronous converter is shut down from these short 
circuits. 

I believe the alternating-current Systems are tending toward 
the same result. At present most of the large alternating- 
current systems are connected with radial feeders; that is, the 
feeders are not interconnected. Experience has shown that 
trouble will result if the feeders are interconnected in order to 
use the copper to the best advantage. 

I believe that with the use of reactance in the proper localities, 
and the development of relays that has taken place, it will 
soon be possible to interconnect these systems and use the copper 
to better advantage; and that the operation will be similar to 
that of the direct-current system, in that the trouble will be 
localized. 

One point brought out in the paper on feeder reactors, is 
that the busbar reactors must also be used, owing to the pos- 
sibility of trouble in the station itself. That I think is a very 
important point. 

There are other methods of using busbar reactors than simply 
connecting them between the sections. Some of the more 
recent ideas involve dividing large stations into one section for 
each generator, and not connecting those sections directly 
through reactors, but connecting each section through reactors 
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to a sort of tiebus. This I think isa considerable improvement 
over older systems. 

Mr. Lyman concludes that it would be desirable for many 
reasons to operate feeders in parallel at their substation ends, 
but such operation tends to increase greatly the kv-a. flowing 
into a feeder short circuit and to cause other feeders besides 
the one affected to trip out when overload relays with the usual 
settings are used. I would suggest that this conclusion does not 
apply to all cases. The development in relays makes it possible 
to operate the switches selectively even where the kv-a. values 
at short circuit are very high. There are some cases, for in- 
stance, where it is sufficient to install reverse-power relays at 
the substation ends of the feeders and selective overload relays 
at the generating station ends. In other cases different exped- 
ients may be necessary. Generally the addition of feeder reac- 
tors makes it easier to make the operation of the relays selective. 

Mr. Torchio invited discussion on the matter of insulation of 
reactors. Of course the great advantage of using insulation is 
that it makes the reactance compact, saving space in the station 
where space is of importance. The dimensions are reduced, as 
you do not have to allow such great distances between conductors 
to prevent surface leakage. On the other hand, the insulation 
on the conductors introduces a comparatively large amount 
of inflammable material at a point where it is exposed to the 
greatest amount of heat; that is, it is right in contact with the 
conductor, and all the heat must go out through that insulation. 
In case of weakness at the time of short circuit when the voltage 
across the reactance is high, a puncture or local flash-over 
might cause a considerable fire. 

Therefore, I believe that insulation on the conductors should 
be avoided as a rule and used only where special conditions 
such as high working voltage, large number of turns or limited 
space for installation make a reactor with bare conductors 
impracticable. 

J. J. Frank: In Mr. Yardley’s paper reference is made to 
an automatic switch operating as a protective device. I ques- 
tion the ultimate value of such a mechanical device as an auto- 
matic protection in comparison with the value of the absolutely 
magnetic device found in these current-limiting reactors. 

The controlling feature in the design of current-limiting re- 
actors should be their function as a protection to generators, 
busbars, and feeder circuits. Every other feature in details 
of construction should be secondary to this dominating one. 
Both the mechanical and electrical designs may be widely dif- 
ferent on reactors protecting generators and busbars, from 
those to protect high-voltage circuits, as referred to by Mr. Buck. 

N. W. Storer: Mr. Rushmore has propounded a conundrum. 
He believes thoroughly in a larger reactance to keep down the 
violence of short circuits, as most of us now do, but he wants 
reactance that is reactance only when it is needed. The co- 
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nundrum then is, ‘“‘When is reactance not reactance?” The 
answer is, “When it is short-circuited,’ and Mr. Yardley’s 
paper has shown us how to secure this kind of reactance. One 
of the most noteworthy points in his paper is his reference to 
the tests of a quick-acting circuit breaker. I believe that the 
use of this circuit breaker to short-circuit a large part of the 
external reactance in the circuit will give just the combination 
that is desired. A certain amount of reactance must be in the 
circuit all the time, but given a quick-acting breaker such as 
described we can get all the benefit of a large reactance without 
its bad effects. 

George T. Hanchett: When extraneous reactance was first 
introduced as a protective device, it always appeared to me as 
a piece of patch-work to cover up some of our previous mistakes. 
As Mr. Rushmore says, early specifications called for regulation 
par excellence, and having obtained, at great expense, rigidly 
constant potentials, we begin to counteract these by installing 
at further expense protective reactance. 

We seem to have forgotten that it is very easy to build a 
transformer or generator of more open design by using larger 
clearances which will facilitate insulation and ventilation 
and reduce cost. In the case of feeders, particularly where 
it is desirable to interlock them, trouble flows from feeder 
to feeder through these interconnections which may well be 
reactors. 

I was visiting the plant of a large transformer company a 
few days ago and was impressed to observe the tendency to 
insert magnetic leakage plates in transformers. These facts 
should be seriously considered when contemplating large re- 
actances for the protection of large generators or transformers. 
With existing closely designed equipments, reactors are abso- 
lutely necessary. 

Carl J. Fechheimer: The statement has been frequently 
made that iron in reactance coils is undesirable, as it saturates, 
such saturation occurring at just the wrong time unless a very 
large amount of iron is employed. The purpose of reactance 
coils is to prevent a prohibitively large current flowing; and if 
the value of reactance decreascs as the currents increase in 
magnitude, due to the iron saturating, it fails of its purpose. 
Therefore, I also believe that in transformers, to which refer- 
ence has been made, the same effect. will come in. Similarly 
in the construction of generators we should not count on the 
effect of iron for increasing the reactance, trusting that thereby 
the great rush of current will be prevented. 

It is interesting to note that the magnitude of the current 
which flows at the first instant on short circuit does not de- 
pend only upon the voltage induced just before the short cir- 
cuit occurs and upon the total reactance in the circuit, but it 
is also affected somewhat by the point of the wave at the in- 
stant that the short circuit occurs. T herefore it is frequently 
a mistake to say that a certain percentage of reactance will 
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permit a definite current to flow on short circuit, unless one also 
considers the point of wave. This was brought up in a paper 
by Mr. A. B. Field read before this Institute.* 

The question of the point of wave as well as that of the sat- 
uration in the circuit brings up the question: What is the ef- 
fective internal reactance on short circuit? It is evidently a 
rather difficult matter to determine and it may be well for us in 
the Institute to decide upon some method of estimating what 
value should be considered correct. There may be other minor 
effects which influence this rush of current, such as leakage 
fields from other phases as well as the phase under considera- 
tion. It is my belief, however, that we can approach nearest 
to the correct value of effective reactance by measuring the 
reactance with the rotor removed—in the case of a star-con- 
nected stator, between neutral and terminal; with delta con- 
nection, with current in one leg only of the delta; and in the case 
of two-phase, across one of the phases. If, however, partly 
closed slots or equivalent thereof are employed, the effects of 
saturation cannot be neglected, and this makes it practically 
impossible to measure directly the reactance with this or other 
forms of construction which involve leakage paths that may 
saturate. 

I would like to call your attention to the marked tendency 
that is at present evidenced toward securing high internal re- 
actance, especially in large generators. Large reactance is 
usually obtained by the use of as large a number of turns in the 
stator as possible. This may be carried so far that the most 
economical design is not the one that is adopted. The most 
economical design would be that which would give the cheap- 
est machine insofar as the relative proportions of copper and 
iron are concerned. One often has the idea that the larger 
the number of turns (the smaller the flux) the cheaper will be 
the machine. This is not necessarily so. In these machines 
it may be necessary, in order to increase the reactance by in- 
creasing the number of turns, to increase the cost. It is at times 
essential to use very deep slots and to laminate the conductors 
very carefully in order to prevent large eddy current losses. 

Let us consider what are the leakage fields in the generator 
which are effective as reactance, it being understood that the 
reactance is that quantity which if divided into the electro- 
motive force will give the current which will flow, the effect of 
resistance being negligible. These leakage fluxes are those 
which cross the slots, those which pass from tooth to tooth through 
the air above the slot, and those which interlink with the stator 
end connections. Any leakage fields from the rotor are of little 
or no influence. The effect of the presence of the rotor is in 
most generators of very small influence; any fluxes which pass 
from the stator through the air gap into the face of the rotor 
and back into the stator usually must cross the double air gap, 
which introduces very high reluctance. 


*TraNsactions A. I. E. E., 1912, Vol. XXXI, Part II, page 1645. 
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When a short circuit occurs on the alternator the tendency 
of the armature reaction is to wipe out the field. This tend- 
ency to cause the flux to die down induces in the field winding 
and in all other closed circuits in the rotor, electromotive forces 
which cause currents to flow, which in turn tend to prevent the 
dying down of the flux. In the case of the field circuit this 
current flows back through the exciter armature. There is 
therefore a tendency for substantially the same electromotive 
force to be generated in the stator conductors at the first instant 
after as before the short circuit occurs. The current that flows 
is that electromotive force divided by the reactance. 

One is liable to infer, since the reactance of a machine with 
a large air gap is usually less than that of a machine with a 
smaller air gap, that this difference is due to differences in leak- 
age fluxes which penetrate the rotor. We wish to point out 
that this conclusion is not correct. It is well known that the 
armature reaction of the machine is nearly proportional to the 
pole pitch and that the air gap is proportional to the armature 
reaction and hence to the pole pitch also. If the pole pitch is 
large, corresponding to a high-speed machine, the number of 
turns in the stator is also small, which means that the reactance 
is low. Hence low reactance generally accompanies large air 
gaps. 

Mr. Woodward: Is there any circuit breaker developed which 
will open a circuit in 0.01 of a second? The damage is done 
in the first one-half cycle, and the circuit breaker would have 
to operate in 0.01 of a second. We can cut off that portion of 
the relay curve which is not selective, and reactance is a big 
factor in that way. 

Mr. Howard: I note on Fig. 11 of Mr. Yardley’s paper, 
that there is another circuit breaker in connection with that 
quick-acting circuit breaker. Does this quick-acting circuit 
breaker require one more, or is this merely a test condition? 

Philip Torchio: I will say a word in explanation of my rec- 
ommendation of insulating the windings of reactors. I do 
not have reference to any specific design in any way. I said, 
take the reactors as you build them now, but on the windings put 
on a light insulation. I am not recommending this to provide 
against the rises of potential; I assume that that has been taken 
care of in the design; my idea is to bring up the point of having 
some covering as a protection against dust and foreign objects. 

I consider that essential, as in stations where we put in bus- 
bars and leads separated by brick compartments, we should 
not connect bare coils without separation between the wind- 
ings, Or something to prevent accidental contact causing short 
circuit. 

Mr. Burnham: Several years ago I conducted a number of 
tests similar to those described in Mr. Yardley’s paper, to de- 
termine the use of reactance for protecting synchronous con- 
verters. The results of these tests seemed to point only to one 
solution, and that was the availability of the quick-acting cir- 
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cuit-breaker. The converter cannot be protected from flash- 
ing unless the first current rush is cut down. It does not make’ 
any difference what reactance you use on the alternating-cur- 
rent side, ‘this will flash over if it is a dead short circuit. 

_To obtain the extreme condition, a converter was short- 
circuited immediately after being disconnected from the a-c. 
circuit. It took about twelve times full load current, and 
flashed over. The current slowed down immediately, so no 
damage was done. 

That shows the converter will flash over regardless of what 
you do to the a-c. circuit. To prevent the current rising when 
the converter is short-circuited, reactance was tried, but it was 
found that a prohibitive value of reactance was necessary in 
order to keep the current down for a sufficient length of time 
for ordinary circuit breakers to act. To use an amount of re- 
actance that would be a reasonable size, and which could be 
used commercially, the circuit breakers would probably have 
to act three times as quickly as any we have now. 

It might be of interest to give some of the results of the tests 
with reactance in circuit. Sixty per cent reactance gave 21 
times full load current. Twenty-two and a half per cent re- 
actance, which is probably the maximum commercial, gives 28 
times full load current. No reactance gave 33 times. With 
the machine running disconnected, at full speed, the normal 
feed, the short-circuit current varied from seven to twelve 
times full-load current, according to’ the winding. 

When the machine was connected with the field windings, 
the minimum current was obtained. This looks contradictory 
on its face, but the effect of the reactance of the series field was 
much greater than the compounding effect. 

The test with the non-inductive shunt equal to the resistance 
of the field, gave about twelve times full load current. As a 
plain shunt-wound machine, it gave eleven times. 

All of these values are above the flashing point as given by 
Mr. Yardley, as being four to six times full load current. 

In Mr. Yardley’s paper is the statement “It follows that if 
the alternating current is at all times approximately propor- 
tioned to the direct current.....’’ The latter portions of the 
paper are based on this assumption. I do not find this to be 
true. The direct current is always decidedly higher than the 
alternating current for the first period of the short-circuit. 

I think that is shown too on some of these curves. In the 
first set of curves, Figs. 2 and 3, it will be noted that the direct 
current is perhaps 40 or 50 per cent higher for the first six or 
seven cycles than it is for the following time. 

It is also stated: ‘“‘ there was no appreciable instantaneous 
d-c. generator effect.’”’ The curves I have just mentioned show 
there is an appreciable d-c. generator effect for the six or seven 
cycles. The d-c. output is appreciably higher than the a-c. 
input. The direct eurrent is decidedly higher at the beginning 


of the short circuit, 
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Another statement made is that, ‘“‘ with considerable series 
field and unsaturated reactance, a converter would continue 
to take on load owing to its approximate straight-line rising volt- 
age characteristics.”” An unsaturated reactance wotld give a 
greater tendency for it to bend downward, rather than to go 
in a straight line. This is due to the increasing proportion of 
the energy current to the wattless current, which bends the 
converter voltage out of phase with the line voltage, and re- 
duces it in value. 

Another statement is, ‘‘ The drooping characteristic on over- 
load is obtained by employing a saturating iron core reactance.”’ 
I believe the reference is true, that you get greater drop if you 
use a reactance that does not saturate. The smaller the re- 
actance the flatter the regulation curve. 

J. L. McK. Yardley: The first question was in regard to 
the possibility of building a quick-acting circuit breaker which 
would operate in 0.01 second. If you will refer to Figs. 16 to 19, 
you will note that the time is given and that this particular 
circuit breaker operated within 0.015 second. I believe it is 
only a matter of closer adjustment to reduce the time to less 
than 0.01 second. In fact, I understand later tests show such 
to be the case. This breaker of Messrs. Fortescue and Mahoney 
is really so unusual as to deserve a paper devoted entirely or 
primarily to itself. 

In regard to the second circuit breaker shown in Fig. 11, of the 
ordinary carbon break type of construction, it was desired to 
secure a comparison between the results obtainable with the 
two types of circuit breakers. Figs. 12 to 15 should be compared 
with Figs. 16 to 19. For convenience, only, both breakers are 
shown in Fig. 11. 

Mr. Burnham has described some tests made upon a synchron- 
ous converter with reactance in the a-c. circuit under the condi- 
tion of dead short circuit. Of course, as I have mentioned in my 
paper, asynchronous converter will flash over under such a condi- 
tion. The figures given by Mr. Burnham for the current delivered 
at the instant of short circuit are interesting and agree with the 
results of other tests I know of. Fortunately, however, as 
brought out in the paper, the condition of dead short circuit is 
not met with on distributing systems of the class for which I 
have suggested the use of reactance in the a-c. circuit to the syn- 
chronous converter asa protection. Obviously, the actual opera- 
ting conditions to be experienced on any system for which any 
sort of protection is desired must be carefully analyzed before a 
recommendation is made. In my use of the term “ at all times ” 
to which Mr. Burnham objects, I mean at all times which actually 
occur in practise on such a system as that under consideration. 
Perhaps my use of such a broad term is unfortunate, but I have 
in mind strictly commercial conditions. Nowhere in my paper 
do I deny the existence of a d-c. generator action in a synchronous 
converter when it is short-circuited. What I do claim is that 
this thing has been a regular bugaboo in the minds of some 
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people, whereas in the majority of practical cases of the class 
of the one I have analyzed it is negligible. In the practical 
case the reduction in resistance of the d-c. circuit is not either 
sudden enough or great enough for the rotating element of the 
machine to give up appreciable power, whereas reactance in the 
a-c. circuit is actually a protection against excessive power com- 
ing from the supply line at such a time. 

I don’t exactly understand Mr. Burnham’s objections to other 
parts of the paper. I believe it is common knowledge that the 
voltage regulation of a shunt-wound converter is better if the 
reactance in this a-c. circuit saturates as the load increases, 
than if it does not saturate, and that the reverse is true in the 
case of the compound-wound converter, the series field of which 
has not been too heavily shunted. 

Before finishing, I desire to call attention to what seems to me 
the most obvious conclusion to be derived from the tests I have 
described. I think they point to one particular combination of 
a resistor, a reactor and a quick-acting circuit breaker which 
could be applied as a protection to both service and apparatus 
for the case of sudden excessive overloads equally well in any 
one of the three classes of synchronous converter installations. 
I refer to such a combination located in the d-c. circuit from the 
converter in which the resistor and quick-acting circuit breaker 
are in parallel electrical relationship with one another and in 
series relationship with the reactor. By properly varying the 
amounts of resistance and reactance, and also the amount of 
electrostatic capacity in the condenser operating the tripping 
device of the quick-acting circuit breaker, any predetermined 
sudden overload may be protected against. I have already re- 
commended such equipment for one or two installations of con- 
verters where flash-overs have occurred due to sudden excessive 
overloads or short circuits; but so far as I know this arrange- 
ment has not, as yet, given a practical demonstration of its 
worth. It is apparent that the reactor in the d-c. circuit is no 
protection against an excessive overload gradually accumulated. 
It is further obvious that to be completely protected against an 
excessive overload, gradually as well as suddenly attained, a 
reactor must also be placed in the a-c. supply circuit. A careful 
analysis of the operating conditions, I believe, will always show 
that any desired degree of protection may be attained; but it 


- will usually show that complete and absolute protection is not 


warranted or even desirable. It will show in many cases that 
the degree of partial protection suggested in my paper for the 
different classes of synchronous converter installations is a 
matter of economy and well worth attaining. 

John B. Taylor (by letter): Protective reactors have a 
voltage across terminals varying from zero at no load to ap- 
proximately 58 per cent of line voltage under short-circuit condi- 
tions. This “‘ drop ” in the coil disturbs the voltage regulation 
by a greater or lesser amount, depending on the power factor of 
the load, and under the most favorable conditions 1s a detriment. 
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Accordingly, coils without iron cores are used so that the coil- 
drop under usual running conditions will not be an abnormally 
large part of the total drop when short circuit occurs. Iron is 
omitted for the well-known fact that its permeability falls off with 
increasing magnetic flux density—in other words, it becomes 
saturated. a 
As there is no known material with magnetic characteristics 
reversed from those of iron, i. ¢., increasing permeability with 
increasing density, the air-coil with straight-line characteristic, 
through having uniform permeability, is preferred. It is possible, 
however, to arrange matters, using iron itself as core, so that the 
desirable reversed characteristics result. This is accomplished 
by having the iron core saturated independently of the alternat- 
ing-current circuit which the coil is to limit. If the core is 
completely saturated no flux change will follow the alternating 
current unless this has sufficient number of ampere-turns to 


Current-Limiting Coils 
(Transformers) 


overcome those above the saturation point in the auxiliary 
exciting circuit. 

The accompanying diagram will make the arrangement clear. 
For simplicity, a single-phase instead of a three-phase circuit is 
shown. Two coils which are practically standard transformers 
are connected so that the direct-current saturating circuit does 
not form a short-circuited secondary. These serve alternately 
to give the desired counter e.m.f. under overload or short-cir- 
cuit conditions when the direct-current ampere-turns are over- 
balanced by the alternating-current ampere-turns. The aux- 
iliary saturating equipment is obviously an added complication 
and expense but the arrangement effectively limits current on.a 
short circuit to a definite relatively small value without excessive 
drop in the series coil under normal conditions. Furthermore, 
the current on short circuit is readily controlled by varying the 
current in the saturating circuit.* Tf the saturation circuit is 
opened, the load circuit is practically opened also through reduc- 
tion of current to magnetizing current of the choking transformers, 

H. R. Summerhayes (by letter): Referring to the atrange- 
ment No. 4 of placing a large amount of permanent reactance in 


*See similar diagram and oscillograms in A.I.E.E. TRANs., Vol. XXVIII, 
Part I, 1909, pp. 729-731, 
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the a-c. circuit of shunt-wound synchronous converters in order 
to obtain a considerable drop in continuous voltage at overloads, 
tests of this arrangement are described, and oscillograph records, 
Figs. 2 to 6, are submitted with the paper. 

To my mind these oscillograph records do not show that any 
appreciable reduction of continuous voltage was effected by the 
addition of the reactance in the a-c. circuit until such a long time 
had elapsed that the protection was ineffective. In oscillogram 
Fig. 8, when the load of about 11,000 amperes is applied, this load 
increases from zero to 10,000 amperes in a short time; practically 
instantaneous as compared to the scale of the oscillograph, and 
the continuous voltage drops from 280 to about 175 in the same 
short interval of time. 

The oscillograph in Fig. 4, which was taken at the same time 
as Fig. 3, shows that when the load is applied, the voltage across 
the collector rings of the synchronous converter drops rather 
gradually; that is, several cycles are required for this voltage to 
drop from about 310 to 220. It is apparent that this drop in 
the impressed voltage across the a-c. collector rings is due to the 
phase displacement shown in the diagrams, Fig. 1; this phase 
displacement means that the armature of the synchronous con- 
verter actually drops back in space from the position of the re- 
volving flux and this mechanical displacement requires several 
cycles. This slow reduction in the voltage across the a-c. col- 
lector rings, which is evidently reduced by the phase displace- 
_ ment caused by the increase of current through the reactance, 
does not correspond to the sudden drop in coritinuous voltage at 
the time of the application of the load, which is apparently due 
entirely to /R drop in the armature and external circuit. 

During the period of several cycles in which the alternating 
voltage across the collector rings is being reduced from 300 to 
200, the continuous current and voltage remain practically con- 
stant. In fact a slight increase is shown in the current. 

It is evident that if the d-c. load thrown on had been of a value 
sufficiently great to flash over the converter, the converter would 
have flashed over irrespective of the reactance in the circuit, 
since the original value of the d-c. load lasting about a tenth of a 
second was not limited by the reactance. One effect of the 
reactance appears to have been to increase the phase displace- 
ment and, in connection with the inertia of the armature, to 
start hunting. It further appears that the instantaneous value of 
d-c. load lasted long enough to trip a circuit breaker. The re- 
actance undoubtedly reduces the continuous current after a 
period of several seconds, as, from oscillograph Fig. 5, it appears 
that the final effect of the reactance at the end of the period of 
hunting was to reduce the continuous current from the initial 
value of 10,200 to the final value of about 9000, but the action is 
too slow to protect the converter from flashing over or to prevent 
the circuit breaker from operating. 
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SUBMARINE SIGNALING 
THE PROTECTION OF SHIPPING BY A WALL OF SOUND AND 
OTHER USES OF THE SUBMARINE TELEGRAPH 
OSCILLATOR 


BY R. F. BLAKE 


ABSTRACT OF PAPER 


Submarine signaling has been greatly advanced by the intro- 
duction of a powerful sound transmitter and receiver called the 
‘“« Pessenden telegraph oscillator.” By means of this, telegraph 
messages.can be sent and received through the water by moving 
ships and for short distances speech can be transmitted, icebergs 
can be located, and soundings taken instantaneously. 

The apparatus consists of an oscillating electric motor-gener- 
ator which has a strong electromagnet surrounding a central 
core on which is an alternating-current winding. Between the 
core and the magnet is a copper tube which acts as a closed 
secondary to the core winding. This copper tube is attached 
to a large diaphragm. When the alternating current passes 
through the core winding it induces a current in the copper 
tube, which, being free to move, vibrates back and forth, thus 
setting the diaphragm in vibration. 

This apparatus is installed in a ship so that the face of the 
diaphragm is in contact with the water and its vibrations set 
up sound waves in the water. Signals have been sent a distance 
of 31 miles. 

The oscillator can also be used as a receiver. Sound waves 
striking against the diaphragm cause the copper tube to vibrate, 
thereby generating a current in itself which is induced in the 
core winding. A telephone receiver in the armature circuit 
enables the observer to hear the sound. 


Ce anus with other forms of transportation, the amount 
of energy necessary to transport water-borne freight is 
very small and its cost would be cheap indeed if it were not for 
the dangers of the sea. We have fogs and rocky coasts, shoals 
and icebergs, currents and storms to guard against, and these 
add immensely to the expense. Of this we have had a very 
recent instance, for, as the result of the loss of the Titanic, vessels 
carrying passengers are now constructed with a complete double 
bottom extending above the water line; in other words, instead 
of a single ship, we must now have two complete ships, one en- 
1549 
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tirely enclosed by the other. And the loss of the Empress of 
Ireland indicates that even this may not be adequate. 

Bit by bit the dangers which beset the early navigators have 
been overcome. The chart told him the best course to take 
from one point to another. The mariner’s compass enabled him 
to maintain his course when the stars were blotted out by clouds. 
With sextant and chronometer he located his position, with log 
and soundings he guarded himself when a sight could not be ob- 
tained. More recently wireless telegraphy has enabled him to 
call assistance in time of danger. But with all this, many dan- 
gers remain. The more important of these are due to fog. 

The North Sea, the English Channel and the Grand Banks, 
the New England coast, the western coast of the United States, 
British Columbia and Alaska, and other points are all of them sub- 
ject to fogs, sometimes lasting for weeks at a time, and it is there- 
fore not surprising that thousands of lives are each year still 
lost at sea. 

And there is not only loss of life ; the pecuniary loss is also very 
great. It is no unusual occurrence for a score of steamers to be 
tied up at one time, unable to enter harbor on account of fog or 
of the combination of fog and rough weather. 

In such a case, the loss to the steamship companies in interest 
and depreciation on ships and cargoes and in wages may easily 
amount to more than fifty thousand dollars per day, and this 
loss occurs not once but frequently during a year, and on many 
routes. 

In addition to this, the danger of collision in fog adds very 
considerably to the cost of insurance, and some of our worst dis- 
asters have occurred in this way. 

Aside from those dangers peculiar to fog, there remains a num- 
ber of others. A continuance of cloudy weather or abnormal 
ocean currents or both, may throw the navigator out of his 
reckoning and place him on a rocky shore a score of miles away 
from the safe route he assumes himself to be following. 

Icebergs still remain a menace in spite of all the efforts which 
have been made to guard against them. From time to time, 
statements have been made that apparatus has been devised 
which is capable of locating their presence, but in every instance 
in which such apparatus has been tested it has proved a failure. 

The history of systematic marine protection by means of light- 
houses and beacons does not go back very far. It is true that 
there were a few lighthouses such as the Pharos of Alexandria 
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centuries ago, but even in quite recent years a European Govern- 
ment received a petition for compensation from the inhabitants 
of a sea coast district on the ground that the erection of a light- 
house had deprived them of one of their principal sources of in- 
come, to wit, luring vessels on nearby shoals by means of false 
lights. 

The systematic employment of sound signals for marine pro- 
tection is of still more recent date and has never been carried out 
fully, in spite of the fact that many of our greatest scientists, 
for example Tyndall and Rayleigh, have devoted special atten- 
tion to this matter. 

One reason for this is that sound signals produced in air are 
very erratic in their range and intensity, so much so as to be on 
many occasions absolutely misleading. This is due to the fact 
that when a fog-horn is blown, the sound may be carried by the 
wind or may be reflected or refracted by layers of air of different 
densities, with the result that the sound may be audible many 
miles away while there may be a zone of complete silence ex- 
tending from a few hundred yards in front of the signal to a dis- 
tance of four or five miles. 

As this phenomenon is by no means infrequent, the result has 
been to discredit more or less this type of signal, and it will be 
evident that the knowledge that a siren had been installed at a 
certain dangerous point might prove a source of danger instead of 
a protection. 

As already stated, many eminent men have worked upon this 
problem, but it was not until Arthur J. Mundy, of Boston, sug- 
gested the use of water instead of air as the medium for trans- 
mitting signals and proved its value by practical demonstration 
that any great advance was made. Water has many advantages 
over air for this purpose. 

1. In the first place, it is free from the dangerous zones of 
silence which occur when the signals are produced in air. 

2. In the second place, the absorption of the sound is much 
less in water and consequently the signal is not only absolutely 
reliable but is transmitted to a distance many times greater than 
when it is transmitted through air. 

3. The sound is not carried away by the wind in stormy 
weather, as is the case with the siren. 

4. It is not affected by atmospheric disturbances, as inet 
case of wireless. 

5. It permits of the accurate determination of the direction 
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from which the sound is proceeding, which is not the case with 
either the air siren or wireless telegraphy. 

Some recent instances where ships have signaled by wireless 
that they were in distress but have had to remain without assis- 
tance for many hours, and in one instance for more than a day, 
because their location could not be determined by the vessels 
coming to their aid, will be familiar to every one. . 

All these advantages indicated clearly years ago the advis- 
ability of developing apparatus for signaling by means of sound 
waves transmitted through the water itself. 

But it is one thing to conceive the idea, and another thing 
to develop a practical system, and it may be of interest to know 
that up to the present time the sum of a million dollars has been 
invested in developing submarine signaling, so far without 
monetary return. 

The first method which was employed for producing the sound 
was through the striking of a bell and the method of receipt of 
the signals was by means of a microphone attached to the skin 
of the ship. Neither the original bell nor the original micro- 
phone attachment was satisfactory. 

It would be impossible in the Space permitted to discuss even 
briefly the innumerable experiments made with different sizes 
of bell, with different materials for the bell, with different methods 
of producing the blow, the precautions taken to eliminate elec- 
trolytic action, with different types of microphone, with different 
methods of mounting the microphone on the side of the ship, 
with the experiments made to minimize water and other noises. 
It will be sufficient to say that finally the work of Mundy, 
Wood, Fay, Williams and others resulted ina completely practical 
system. 

The submarine bell in use on the lightships is actuated by 
compressed air stored in a reservoir. The actuating wheel has 
projections mounted on it so that when the wheel revolves a 
number of strokes follow each other, the different intervals 
being peculiar to the different signal stations so that the captain 
of a ship by counting the strokes of the bell can determine what 
lightship is producing the sound. 

In order to receive the sound, it has been found absolutely 
necessary to suspend the microphone in a tank of water, for this 
is the only method of cutting out the water noises and the 
noises due to machinery, etc., on board the ship, which otherwise 
drown out the sound of the bell. 
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One of these small water tanks, containing a microphone of 
a special type, is attached to each side of the bow inside of the 
ship. From each tank wires are run to a device which is called 
the indicator box, so arranged that by throwing the handle 
to one side, the starboard microphone is connected to the tele- 
phone, and by throwing the handle to the other side, the port 
microphone is connected. 

It will be obvious that once the bell is picked up, the captain 
has only to turn his vessel until the sound is heard with equal 
intensity on each side, to know that his ship is then pointing 
in the direction from which the sound is coming, and in this way 
he can take compass bearings of the lightship on which the bell 


is situated. 


The importance of this method will be at once perceived. 
No matter how stormy or how foggy the weather may be, it 
enables the captain of a ship, on making land, to obtain at once 
the compass bearings of the nearest lightship or lighthouse 
fitted with a bell. 

How many vessels and how many lives this device has saved 
even in the few years during which it has been in use, it would 
be impossible to tell. Less sensational than the wireless tele- 
graph, it may be questioned whether its actual practical utility 
to the merchant marine has not been greater. 

Compressed air, or an electromagnetic mechanism, may 
swing the hammer, or the bell may be operated by the 
waves themselves. A type much used is a bell buoy which may 
be anchored off a shoal, and will give submarine warning day 
and night without further attention. A large vane extends from 
one side of the mechanism. As the buoy swings up and down in 
the water, the vane by means of a ratchet compresses a spring 
which automatically releases and operates the bell hammer. 

It will be evident that, even if no further development had 
been made, the system would be and is a complete and practical 
one. Its universal adoption would greatly minimize if not 
entirely prevent disasters due to errors of ship position. 

But with the very success of this system, it became evident to 
those in charge of its development that still further advances 
might be conceived as possible, especially in three directions. 

1. Suppose the sound-producing apparatus could be so con- 
structed as to be operated from moving ships by a telegraph 
key. If this were achieved, it would be possible for one ship 


to signal to another in fog, to communicate its position, its 
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direction and its speed, and eliminate all dangers of collision. 
It would also be possible to signal between submarines or between 
battleships and submarines, and to communicate between battle- 
ships in action without interference from the enemy and though 
all masts were shot away. 

2. Suppose the range of the sound-producing apparatus 
could be extended so as to cover a radius of 25 or 50 miles. 
Then it would be within our power so to encircle the coast of 
every nation, with what has been felicitously termed ‘‘a wall of 
sound,”’ that no vessel under whatsoever circumstances of loss 
of reckoning, of variable currents, of fogs, and storms could 
approach the coast without being warned of that fact and notified 
of its exact position on that coast and of the direction of the 
nearest lightship. 

3. If the sound-producing apparatus could be constructed 
so as to be actuated by telephonic currents, it would be possible 
to transmit speech through the water. 

It will be of interest to consider some of the difficulties which 
had to be overcome before the desired results could be obtained. 

The most serious of these obstacles was the fact that water 
is almost incompressible. 

Now since sound is a compressional wave in the medium 
through which it is transmitted, it is evident that any apparatus 
which is to transmit sound through water must be capable 
of exerting very great force. In the bell, this is accomplished 
by the hammer blow of the clapper, and any electric or other 
apparatus which is to be used for submarine signaling must 
have a force comparable with that produced by the impact of 
a hammer on an anvil. 

A second and very grave difficulty arises from the fact that if 
the water is to be compressed, some material object must be 
set in motion to compress it, and that object, which must have 
sufficient mechanical strength to stand the stress, and must 
therefore be of considerable size, must start from rest, reach its 
highest velocity, and come to rest in one-thousandth part of 
a second, if a musical note having a pitch of five hundred per 
second is to be produced. The forces of acceleration thus: 
necessitated are very large. 

A third difficulty arises from the fact that in order to tele- 
graph a_ a speed of twenty words per minute the time allow- 
able for a single dot is very small. As the average word consists 
of five letters, and the average letter has a length equivalent 
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to seven dots, an apparatus capable of telegraphing at the rate 
of twenty words per minute must be capable of making seven 
hundred dots per minute, or a single dot in something less than 
one-tenth of a second. 

If the signal is to have individual quality, so as to be readily 
distinguishable from other noises, and so as to be separable by 
resonance from other notes, each dot must consist of at least ten 
impulses. 

Thus we arrive at the conclusion that whatever device is used, 
it must be capable of producing at least 100 compressional waves 
in a single second, in order to telegraph satisfactorily at the rate 
of twenty words per minute. 

If this same apparatus is to transmit speech through the water, 
it must be still more rapid in its action and must be capable of 
producing several thousand ‘compressional waves per second. 

The above were the three main difficulties in the way. Of 
course there were many others—for example, the apparatus must 
not weigh too much; it must not be affected by water or change 
of temperature; it must be simple in construction; it must be 
easily applied to the ship; positive in its action; must not require 
adjustment after being once set up and must be able to stand all 
kinds of ill-treatment at the hands of unskilled operators. It 
will be unnecessary to go over the ground taken by the develop- 
ment, and we will therefore proceed at once to describe the ap- 
paratus as finally developed by Professor R. A. Fessenden. 

The device used is termed an oscillator and its construction is 
shown in cross-section in the drawing, Fig. 1. 

In the drawing, the iron of the magnetic circuit and the copper 
tube are shaded. The magnetizing coil is cross-hatched. The 
moving part is the copper tube A. T his lies in the air zap of a 
magnetic field formed by a ring magnet B, built up in two parts, 
as shown in longitudinal section in Fig. 2. 

The ring magnet is energized by the coil C, and produces an 
intense magnetic flux which flows from one pole of the ring 
magnet across the air gap containing the upper part of the copper 
tube, thence through the central stationary armature D, thence 
across the other air gap to the lower pole face of the ring magnet 
and thence through the yoke of the ring magnet back to the 
upper pole face. 

This field is very much stronger than that in the ordinary 
dynamo, there being more than 15,000 lines for each square 
centimeter of cross-section. 
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Around the armature is wound a fixed winding, which we will 


call the armature winding, and which is reversed in direction so 
that one half of the winding is clockwise and the other counter- 


When an alternating current is passed through this armature 


clockwise. 


it induces another alternating current in the copper 


winding, 
tube. 


Only by this construction has it been found possible to obtain 
the enormous force and rapidity necessary to compress the water 


0,0," 
ON o, 


BS 
wz 


25 
SS 


S52 

oe 
Siaceenemeneeneeges 
ORK KD 

OX 


NN 


Fic. 1 


moving parts of the 


ce 


and to overcome the inertia of th 


mechanism. 


pression, the 


eel, which in turn are 


In order to apply this force to the work of com 


copper tube is attached to solid disks of st 


ick which may be 


In practise the tube is pro- 


attached to a steel diaphragm one inch th 


made part of the side of the ship. 


n two disks drawn together 
m-steel rod and a right- and 


vided with lugs, and is held betwee 
on the tube by a one-inch vanadiu 


left-handed screw thread. 


d by means of an ordinary tele- 


armature circuit. 


gh an ordinary telegraph key is used, there is no 


Telegraphing is accomplishe 
graph key placed in the main 


Althou 


1914] ; BLAKE: SUBMARINE SIGNALING 1557 


sparking at the contacts. This may surprise electrical engineers 
familiar with the sluggish action and vicious arcing commonly 
found associated with the operation of electromagnetic apparatus 
of this size and power, more especially in view of the fact that 
a very high frequency is used, five hundred per second, and that 
there is no laminated iron used in the construction of the appara- 
tus. 

The secret of this lies in the fact that the armature has sub- 
stantially no self-induction, and no eddy currents are generated in 
the apparatus. This is because the copper tube forms, as will 
be seen, the short-circuiting secondary of a transformer, of which 
the armature winding is the primary. 
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This eliminates the self-induction of the armature winding. In 
addition the upper and lower portions of the winding are wound 
in opposite directions, and therefore there is no mutual induction 
between the field coil circuit and the armature circuit. With 
this construction, the amount of magnetic leakage in the arma- 
ture circuit is very small, only a trifle more than if the arma- 
ture core were of wood, and as there is no alternating magnetic 
flux in the iron, there are no eddy currents. 

As regards the capacity in kilowatts of this apparatus, it is 
large. The armature, being wound in grooves in the armature 
core, so as to withstand the mechanical forces acting upon it, 


is well cooled. 
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The copper tube has no insulation to be affected, and on ac- 
count of its large cooling surface and high permissible tempera- 
ture of operation, can carry very high currents without injury. 

When the oscillator is placed on a vessel or hung overboard 
from a lightship, a large water-tight diaphragm is attached to 
the oscillator. This particular type of oscillator was first tested 
by suspending it in twelve feet of water at the Boston lightship 
and the signals were heard plainly with a microphone lowered 
overboard from a tug at Peaked Hill Bar Buoy, thirty-one miles 
away. Since that time tests have been made with oscillators 
installed in the fore peak tank of the Devereux, a collier of the 
Metropolitan Coal Company, and also with an oscillator mounted 
on a diaphragm made part of the hull of the vessel. The signals 
have been heard upwards of twenty miles from the Devereux 
running at her regular speed of eight knots. Full power has 
not been employed on any of the tests, and it is more than prob- 
able that much longer distances can be obtained in the future.. 

In addition to the tests already described the oscillator has been 
temporarily installed on submarine boats, and proved itself of 
immense value and demonstrated that a flotilla of submarines 
equipped with oscillators will be able to make a combined at- 
tack on an enemy, only one needing to show its periscope in 
order to direct the others, or all of them can be directed by the 
mother ship. It therefore makes possible a whole field of sub- 
marine maneuvers heretofore out of the question; and perhaps 
most important, it removes the principal danger these boats have 
had to face, the risk of being run into. 

So much for the apparatus when in use as a sound generator. 
The signals produced by the oscillator can of course be received 
by water-immersed microphones of the usual type, but one 
would perhaps not anticipate the possibility of using the 
oscillator as a receiver, in view of the fact that the diaphragm 
is of solid steel, and weighs, with the copper tube and its attach- 
ments, considerably over 100 pounds; but the oscillator, like the 
ordinary electric motor, is also capable of acting as a generator, 
and on account of its high efficiency as a motor, is a very efficient 
one. 

The same oscillator is therefore used for sending and for 
receiving, a switch being thrown in one direction when it is 
desired to telegraph under water, and thrown the other way 
when it is desired to listen in. 

In addition to telegraphing and receiving messages, the 
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oscillator can also be used for telephoning under water. Sen- 
tences have been transmitted at 800 yards and conversation 
at more than 400 yards, and this was accomplished with the use 
of an ordinary telephone transmitter and 6 dry cells. 

It seems evident, therefore, that with more power much 
greater distances can be reached. Long distances are not, how- 
ever, necessary, as even with a distance of one mile it will be 
readily understood that this method of under-water telephon- 
ing will be of great use as a means of communicating between 
submarines while submerged, and between ships in fog, as the 
captains of the vessels can talk directly to each other, instead 
of transmitting and receiving through a telegraph operator. 

Some other uses to which the oscillator may be put may be 
mentioned briefly. 

One which will at once suggest itself is the steering of torpedoes 
by sound under water. The idea of so operating torpedoes is 
not a new one, and has occurred to a number of inventors, 
but until the present time no method of accomplishing it has 
been developed. With this new source of sound, however, the 
method should be practicable. 

Another use is as a means for obtaining soundings. If we 
take a commutator wheel, with one live segment and two 
brushes, one connected to the alternating-current generator 
and the other to the telephone receiver, it will be evident that 
when the commutator segment makes contact with the brush 
connected to the generator, a sound will be produced by the 
oscillator. When the live contact passes away from the brush, 
the sound will cease. This sound wave will travel outward 
and on reaching the bottom will be reflected and travel back 
again to the ship. Meantime, no sound will be heard in the 
telephone receiver, but if the brush connected to the telephone 
receiver be shifted in the direction of rotation of the commutator 
until it makes contact with the live segment of the commutator, 
at precisely the instant at which the reflected sound wave has 
come back and impinged on the oscillator diaphragm then a 
sound will be heard. Since sound travels in water at a velocity 
of approximately 4000 feet per second, if the distance be 100 
feet, the time taken by the sound in traveling from ship to 
bottom and from bottom to ship will be approximately one- 
twentieth of a second. 

In April, 1914, some tests were made on the U.S. revenue 
cutter Miami to see whether soundings could be taken in the 
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manner above indicated. As the commutator had not been 
completed a temporary apparatus with a stop watch was used. 
The echo from the bottom was plainly heard not only on the 
oscillator, but in the wardroom and in the hold of the ship 
without any instruments whatever. The elapsed time cor- 
responded to the depth shown on the chart and the proposed 
method was proved to be feasible. 

The chief object of the tests on the Miami was, however, to 
determine whether a reflection from icebergs could be obtained, 
and this was proved beyond question. The apparatus used was 
the same as for taking soundings. 

A signal was sent on the oscillator, the echo from the bottom 
heard, and then the echo from the iceberg camein. To make sure 
that the second echo was not also from the bottom, the distance 
from the Miami to the iceberg was varied from about 100 yards 
to 24 miles. The elapsed time between the signal and the echo 
from bottom remained the same, but the elapsed time of echo 
from the iceberg varied with the distance and corresponded very 
closely to the position of the iceberg determined by the range 
finder. Moreover it was found that it made no difference 
whether the face of the iceberg was normal to the path of the 
sound or not, thus showing that the echo was due not to specular 
reflection but to diffraction fringes. 

When the Miami had gone 2} miles from the iceberg a heavy 
storm made it necessary to postpone further tests, and continued 
rough weather made further tests impossible, as the oscillator was 
not permanently installed but had to be lowered overboard. 
The echoes at 23 miles were, however, loud, and there can be no 
doubt that they would have been heard at greater distances. 
(See appendix). 

To sum up: The oscillator represents an important step for- 
ward in the science of navigation. It makes it possible to sur- 
round the coasts with a wall of sound so that no ship can get into 
dangerous waters without warning, to make collisions between 
ships possible only through negligence. Although no sufficient 
tests have been made to warrant the statement that icebergs 
can be detected under all circumstances or that soundings can be 
taken at full speed, what evidence there is points that way. For 
naval purposes it provides an auxiliary means of short-distance 
signaling that is available at all times and that cannot be shot 
away, and it widens the possibilities of submarine boats to an 
extent we cannot yet fully grasp. 


1914] BLAKE: SUBMARINE SIGNALING 1561 


Report oF Captain J. H. QuINAN oF THE U.S. R. C. Miami 
ON THE EcHoO FRINGE MetHOop oF DETECTING ICEBERGS 
AND TAKING CONTINUOUS SOUNDINGS.* 


We stopped near the largest berg and by range finder and sex- 
tant computed it to be 450 feet long and 130 feet high. Although 
we had gotten within 150 yards of the perpendicular face of this 
berg and obtained no echo from the steam whistle, Professor 
Fessenden and Mr. Blake, representatives of the Submarine 
Signal Company, obtained satisfactory results with the subma- 
rine electric oscillator placed 10 feet below surface, getting distinct 
echoes from the berg at various distances, from one-half mile to 
two and one-half miles. These echoes were not only. heard 
through the receivers of the oscillator in the wireless room, but 
were plainly heard by the officers in the wardroom and engine 
room storeroom below the water line. Sound is said to travel 
at the rate of 4400 feet per second under water. The distance 
of the ship, as shown by the echoes with stop watch, corresponded 
with the distance of the ship as determined by range finder. On 
account of the great velocity of sound through water, it was our 
intention to try the oscillator at a greater distance for even better 
results, but a thick snowstorm drove us into shelter on the Banks 
again. 

* * * * 

On the morning of April 27, anchored in 31 fathoms of water 
with 75 fathoms of chain in order to make current observations. 
...Professor Fessenden also took advantage of the smooth sea 
to further experiment with his oscillator in determining by echo 
the depth of water; the result giving 36 fathoms, which seemed 
to me very close. 

*Prom the Hydrographic Office Bulletin of May 18, 1914. 
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DIscussiION ON ‘‘ SUBMARINE SIGNALING” (BLAKE), PHILA- 
DELPHIA, Pa., OcToBER 12, 1914. 


W. S. Franklin: When you lower that oscillator into the 
water, the two diaphragms are working in like phases, are they 
not? 

H. J. W. Fay: Yes. That means that the water on one 
side is being compressed. 

W. S. Franklin: Don’t you cover one of those diaphragms 
completely, and only expose one to the water? 

H. J. W. Fay: This diagram doesn’t show the water-tight 
oscillator as it should. This is a form of oscillator that was 
put inside the ship, not put in the water. A water-tight oscil- 
lator has a ring around the base of the pole piece, and the third 
diaphragm is mounted on that ring, and this rod excites that 
diaphragm. 

W.S. Franklin: If I may explain just what I have in mind— 
you say that your wave length there would be something like 
thirty or forty feet. Now we speak of each side of that appara- 
tus as being a center from which waves go out— 

H. J. W. Fay: No, only one side. 

W. S. Franklin: That is what I wanted to know. Only 
one side is covered? 

Haj WiiKays Yes, 

Elmer A. Sperry: This seems to me a most ingenious ap- 
paratus. Think of the diaphragm that you and I use when we 
speak into a telephone, a small affair that is about as thick as 
paper, and then consider the diaphragm that this apparatus 
works—three-quarters of an inch thick and 24 inches in di- 
ameter; and it takes that size of diaphragm to be in tune with 
the 1000 beats or 500 full oscillations per second to which this 
instrument is tuned with the alternating current of this frequency. 
I understand that when this was tried on the Delaware it was 
heard distinctly on the upper deck in a very remote position 
from where the apparatus was installed. But the most re- 
markable thing to me is that it can be again used as a receiver. 
The 8 by 8-in. copper tube, only } in. thick, seems a very simple 
factor to set up a reaction back into the alternating winding, 
giving evidence of remote sound, especially when in attune 
with this diaphragm. 

G. A. Hoadley: The paper speaks of the most important 
use of this apparatus on submarines, for submarine signaling 
from one vessel to another. Has there been any method. de- 
vised by means of which submarines not belonging to our 
party can be prevented from receiving the message? 

H. J. W. Fay: No, not yet. At a mile’s distance, the 
sound is so loud that it can be heard all over the submarine 
boat without any receiving apparatus. The point that you 
mention has been in mind, but it could not be done with vibra- 
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tions such as are used now. It would be possible with vibra- 
tions that are below the range of audibility. 

_H. A. Hornor: Have any experiments been made upon 
interference of two signals at a time? Wouldn’t that be a 
cause of confusion of the signals? 

H. J. W. Fay: Yes, probably, unless they were widely dif- 
ferent in tune. Then the oscillator at 500 might not pick up 
the oscillator that was tuned to 1000. We have simply worked 
the oscillator out for that one pitch at the present time, and 
the greatest number that we have known to be used at any 
one time has been two. We have not had a third oscillator in 
any of the tests to break in on the signals. 

W.S. Franklin: Professor Webster of Clark University has 
been working quantitatively on a problem which involves 
making, among other things, an accurate measurement of the 
number of watts that are given out as sound by ordinary tuning 
forks, with and without resonance. Have you any idea as to 
the actual watts output represented by the sound that is pro- 
duced? I don’t mean watts entering into the receiver, but 
watts of energy in the sound. 

_H. J. W. Fay: The nearest I can tell you is that last Sat- 
urday we made a test with one oscillator 46 ft. from the other 
and measured the amount of current received in the alterna- 
ting winding of the receiving oscillator, and we got 0.025 ampere. 
The input was 13 amperes at 170 volts on the alternating cur- 
rent and 74 amperes at 110 volts on the direct-current winding. 

George Breed: As I understand the description, the arma- 
ture oscillates in a direction longitudinal with the bolt. Then, 
presumably, it must be centered in some way and held clear 
and free between the magnet poles, and furthermore, if it be 
free to oscillate, its supports cannot be absolutely rigid. 

It would be interesting to know how the armature is held 
in place, and how much elasticity there is in its supports. I 
suppose the oscillating system thus formed is so proportioned 
with respect to mass and elasticity, that its natural frequency 
of oscillation is about 500 per second. 

H. J. W. Fay: The amplitude of movement is0.01in. The 
small diaphragms on the rod support the copper tube. 

W.S. Franklin: If the amplitude of this apparatus is known, 
Professor Webster’s formula will enable the actual watts of 
- sound output to be calculated with a very high degree of accuracy. 

John B. Taylor (by letter): Before commenting in detail on 
the paper by Mr. Blake, a few very general (and perhaps obvious) 
remarks may be in order. 

Communications between individuals more or less widely 
separated may be accomplished only by transfer of matter or 
energy from one to the other. Exchange of intelligence by 
moving material things has culminated in the typewritten 
letter. 

The spoken word and the sign exemplify communication 
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through forms of energy. Here orie involves mechanical, the 
other radiant energy. In the business of travel and trans- 
portation by land, as well as by sea, both audible and visible 
signals are extensively employed, one supplementing the other. 
‘Light signals serve fairly well in disclosing location or direction 
through “straight-line” propagation of the radiant energy and 
the working characteristics of the receiving instrument, the eye. 
Non-transparent objects cast shadows, i.e., the radiation does 
not bend around obstacles, hence rain, snow and especially fog 
disturb, or prevent entirely, dependence on visual signals. 
Layers of air of different optical properties may also give rise 
to mirages or other aberrations. 

Sound signals do not readily disclose location or direction. 
Sharp sound shadows are not noticed with wave lengths of the 
pitches commonly employed, and the ears are not well adapted 
nor trained to locate sources of sound with assurance or accuracy. 
Further difficulties arise on account of reflections from objects 
giving echoes or interferences which may be misleading, while 
other sounds and noises, necessary and unnecessary, reduce 
the sensibility of the ear to feeble sound and distract the atten- 
tion from the particular sound signal. 

The paper under discussion describes a system of marine 
sound signaling using the water of ocean, river or lake rather 
than the air as transmitting medium. To do this, more com- 
plicated sounding and receiving equipment is needed. Doubt- 
less the water will usually be more homogeneous acoustically 
than the air. The inhabitants of the water are assumed to be 
comparatively quiet. There are, however, extraneous sounds 
which give trouble. Is it right to infer that these are greater 
than undesired sounds in the air, since no mention of this point 
is made in the list of five advantages of water over air? (page 
1551). 

The descriptions of the determination of depth and of iceberg 
distance by echo and reflection naturally lead one to question 
the reliability of direction location in the presence of other 
ships, icebergs, rock ledges, reefs, islands, not to mention shore 
and bottom. 

The greater speed of transmission through water (approxi- 
mately 4 times) is an advantage from a telegraphic standpoint 
where sound signaling through air would leave the hearer a 
full minute behind the sender in 11 or 12 miles. In fact, the 
15-sec. interval for water signaling for the same distance may 
make much confusion. The greater velocity is a disadvantage 
in depth and distance determinations. 

The remarks of the author (page 1554) on compressibility 
of water and large forces and strength of materials needed to 
make a sound in water are incomplete without data on the 
number of kilowatts expended and the excursion of the copper 
tube with its attachments and diaphragm. A steel rod will 
readily transmit the sound of a pin scratching or a watch tick- 
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ing, though the velocity of sound in steel is about 14 times 
that in air and though steel is much heavier than water, thus 
indicating far greater rigidity or incompressibility than water. 

What is the basis of the author’s statement that a telegraphic 
‘““ dot”? must persist ten cycles for its pitch to be recognized? 
Lord Rayleigh (‘Theory of Sound,” Vol. II, page 452) cites 
tests to show that three consecutive vibrations determine pitch 
with considerable accuracy. Tests of Mr. Arthur Farwell 
(Massachusetts Institute of Technology thesis, 1893, I believe 
unpublished) using a different method—a telephone receiver— 
corroborate the figure. 

Submarine signaling by the “ telegraphic oscillator’? may 
well supplement other signal methods, as none are complete 
and at all times dependable. Sound signals through air must 
be retained for the benefit of small craft that cannot have sub- 
marine devices. Though a given sound may not always be 
heard at the same distance, the air is the natural medium for 
men. The ear, while sensitive to feeble sounds, may be aided, 
and an increased range may be obtained by the help of apparatus. 
Probably many cases of alleged erratic transmission of sound 
are due to mistakes in judging direction. To determine better 
the direction of the source of sound, an interference device or 
apparatus indicating phase of sound at two slightly separated 
points determines the direction from which the sound wave 
arrives (see U. S. patent No. 939,349). 

G. A. Hoadley: One question in connection with this paper 
is the necessity of a high degree of energy in sending out the 
sound. A pin scratch on a wire fence can be heard at a long 
distance, not because the steel or iron wire used is so little com- 
pressible, but because of its high elasticity, and it seems to me 
that in the case of submarine signaling it is a question of higher 
elasticity of the medium rather than the amount of the com- 
pression that is to be used. I am questioning whether it would 
be possible in any way to apply less energy and still set up the 
wave motion. 

J. L. Woodbridge: How accurately can the direction from 
which the sound proceeds be determined by the receiving vessel? 

H. J. W. Fay: Within a point on the compass, or 113 deg., 
at distances of between two and three miles. 

W.S. Franklin: The accuracy of locating directions of sound 
must depend on the distance apart of the two points at which 
the sound is received. How far apart are the two receivers 
when you attempt to locate directions of sound—ten feet, or so? 

H. J. W. Fay: The distance between the two sides of the bow 
of a ship—more than ten feet. 
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ELECTRICAL EQUIPMENT OF THE ARGENTINE 
BATTLESHIP ‘ MORENO” 


BY H. A. HORNOR 


ABSTRACT OF PAPER 


This paper describes the electrical installation of one of the 
two Argentine battleships building in this country and now near- 
ing completion. The methods of installation and distribution of 
energy; the extensive application, far surpassing any vessel so 
far constructed in this country, and the results secured by de- 
parture from present practise; all these are concisely recorded. 

Detailed descriptions are given of important and unusual 
equipments such as steering gear, anchor windlass, searchlights, 
gyro-compass, etc., ete: 


HE MORENO is one of the two super-dreadnoughts 
building in this country for the Argentine Republic. The 
general characteristics of the Moreno are as follows: 

Length over all, 594 ft. (181 meters); displacement, 27,566 
tons (28,000 metric tons); draft, 27 ft. 9 in. (8.46 meters) ; width 
98 ft. 0 in. (29.89 meters); main battery, twelve 12-in. (304.8- 
mm.) breech-loading rifles mounted in six turrets; torpedo 
defense battery, sixteen 4-in. (101.6-mm.) and twelve 6-in. 
(152.4-mm.) breech-loading rifles. 

It is the purpose of this paper to describe in general the 
electrical equipment of this vessel. The applications are so 
numerous and varied that only the unusual equipments have 
been selected for detailed comment. By reason of the confiden- 
tial nature necessarily involved in military applications, all 
reference to such has been omitted. As all installations of this 
character are divided into three general systems, namely, lighting, 
power, and signaling, this grouping will be followed. 


GENERATING PLANT 
Power for all purposes is supplied by four 375-kw. turbo- 
generators of the horizontal type. Two of these machines are 
located forward and two aft on the lower platform deck below 
armor. Adjacent to each dynamo room is a distribution room 
1567 
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in which is located a main distribution switchboard for the 
control of the two units and the supply circuits. On the gun 
deck is a third dynamo room containing two Diesel oil-engine- 
driven generators of 75 kw. capacity for harbor use when fires 
are drawn. 

The 375-kw., 230-volt, 1500-rev. per min. turbo-generators 
are of standard marine design capable of operating at a steam 
pressure of 220 lb. per sq. in. (15.4 kg. per sq. cm.), condensing 
at a normal vacuum of 28 in. (71.1 cm.), and also non-condensing 
with 5 lb. (2.27 kg.) back pressure. The turbine is of the well- 
known Curtis horizontal, two-stage type, fitted with automatic 
valve gear, inertia governor, and an emergency valve for auto- 
matically closing when the speed exceeds 10 per cent of normal. 
Forced lubrication is provided for the main bearings, and the oil 
is cooled by water circulation. The generator is a compound- 
wound, direct-current, commutating-pole type, mounted on the 
same bedplate and directly coupled to the turbine. The magnet 
frame is circular in form and divided horizontally. The genera- 
tor is capable of standing a 333 per cent overload for two hours 
and 50 per cent overload for five minutes. 

The Diesel oil-engine-driven sets are rated at 75 kw., 375 
rev. per min., 230 volts. The generator is directly connected 
to the oil engine but not mounted on the same bedplate. The 
generators are designed in a similar manner and are capable of 
functioning in the same way as the main generators above de- 
scribed. The Diesel oil engine is guaranteed to develop 120 
b.h.p. normally and also 180 b.h.p. overload. The engine is 
vertical, four-cycle, single-acting, and is provided with four 
power cylinders and one air-compressor. The engine is started 
by means of compressed air at about 650 Ib. per sq. in. (45.5 
kg. per sq. cm.) obtained from storage tanks. During the start- 
ing of the engine the cooling water is gradually started and will 
be in full flow when normal ignition has been established. The 
plunger for the fuel oil pump is operated by an eccentric at- 
tached to the vertical shaft of the valve gear drive. An auxiliary ° 
cooling water pump and fuel oil pump are also provided. These 
auxiliaries are electrically driven, the former by a 2.7-h.p. motor 
and the latter by a 1.75-h.p. motor. The fuel oil used may be 
fairly heavy, even heavier than 20 deg. Beaumé at 60 degrees 
fahr., so long as it flows readily and can be handled by the fuel 
oil pump. The heat value of the oil should not be less than 
18,500 B.t.u. per pound (4662 keg-cal.). 
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INSTALLATION AND DISTRIBUTION 


Current is carried to all the various systems on a two-wire 
metallic system, by means of rubber-covered (44 per cent 
pure Para) lead-sheathed, steel-armored conductors. These 
cables are clipped singly, or in groups, to the ship’s structure or 
clipped to special sheet steel pans supported from beam to beam 
or fastened to the plating. Water-tight fittings are provided 
wherever the cables terminate and when passing through 
water-tight bulkheads. Twin conductors are employed from 
3256 cir. mils up to 30,856 cir. mils, and beyond this, single 
conductors up to 373,737 cir. mils. All the conductors in this 
installation are stranded, lead-covered, steel-armored, with the 
exception of the flexible leads in the turret trunks and special 
brass-covered wire and three-conductor rubber-insulated wires, 
called by the German trade name “ Kuhlo,”’ used for branch 
leads in the officers’ quarters and staterooms. 

Besides the two main distribution switchboards located ad- 
jacent to the two dynamo rooms, there are two auxiliary distribu- 
tion boards located one forward and one aft; a control board for 
the oil engine generators; anda combined distribution and control 
board for the searchlight balancer sets. These boards are all 
interconnected so that the supply will always be available. The 
interconnecting circuit breakers are fitted with interlocking de- 
vices and reverse-power relays so that by no possibility will the 
generators in one room be thrown in parallel with those in 
another room. The distribution switchboards are designed with 
separate busbars for positive lighting and positive power and 
a common negative. It is possible, therefore, to divide the load 
in various ways between the different dynamo rooms. To facil- 
itate this, indicating voltmeters and ammeters are connected 
in the local and remote circuits and a diagram of the busbar 
connections is painted in grooves on the front face of the oil- 
finished slate panels. 


LIGHTING SYSTEM 


The vessel is provided with approximately 3000 fixtures. 
The design is similar to the usual water-tight vapor-proof globe 
type used in marine work. The screw-base lamp socket is, 
however, made solid instead of a spring, a composition-insulated 
base provided instead of porcelain and the globe is flanged and 
held in place by the guard instead of being screwed into the base. 
In the magazines and shell rooms, specially guarded fixtures con- 
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_ taining two lamp sockets are installed. The lamps in these fixtures 
are connected to different circuits so that the failure of light in 
these compartments may be averted. Both carbon and tungsten 
incandescent lamps are furnished; the former in sizes of 35 watts 
and 60 watts, clear; the latter in sizes of 32 watts, clear, frosted 
and tubular. A special fixture containing a 250-watt tungsten 
lamp and provided with a reflector is atranged for portable con- 
nection in the engine, boiler, and dynamo compartments. This 
same type of fixture is also employed for coaling booms, pro- 
peller booms, and gangway lighting. 

Life tests of the 220-volt tungsten incandescent lamps showed 
as high as 98 to 101 per cent of the initial c.p. after 1162 to 972 
hours burning. The spherical reduction factor for the tubular 
lamp was 0.96 and for the pear-shaped bulb (s-19) was 0.914. 

The 38 lighting feeders are divided into three circuits; one 
for general illumination under cruising conditions, one for white 
battle purposes, and one for blue battle purposes. In this latter 
circuit the globes are of a deep blue color, making the light invis- 
ible at a short distance. The distribution of the small lighting 
units has been made with due regard for cross circuits so that no 
general spaces of the vessel may be put in darkness by the 
blowing of a fuse or any other failure of an individual circuit. 
The distribution of these lights was based on the number of 
candle power per cubic foot of space to be lighted; thus in the 
Admiral’s quarters a maximum of 0.08 c.p. per cubic foot was 
required and in the storerooms a minimum of 0.01 c.p. per cubic 
foot. Each officer’s stateroom of ordinary size is provided with 
one fixed light, one portable light, and an outlet for a 12-inch port- 
able electric fan. : 

As shown in the diagram (Fig. 2) the feeders are led from 
the main distribution switchboard to approximately their center 
of distribution. Mains are then branched from the feeder, 
and terminate in fused distributing panels of water-tight con- 
struction. From these panels branches are led off to the in- 
dividual lights. Not more than four lights (one ampere) are 
allowed to depend upon the same fuse. The branch leads are 
all of 1.6-mm. (3250-cir. mil) twin conductor. 

For night battle purposes the vessel is equipped with 12 
motor-operated, remote-electrically-controlled 110-cm. (43.3-in.) 
searchlights and one portable signaling projector of 35 cm. 
(13.77 in.). As these projectors operate more satisfactorily 
when supplied with 110 volts, it was considered advisable to 
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transform the 220-volt supply circuit through special balancer 
sets. Two such machines are installed in the vicinity of the 
oil engine dynamo room, wherein are located the control switch- 
board for them and the distribution board for the search-light 
feeders. Each balancer set is rated at 70 kw., 1000 rev. per min., 
110 to 220 volts, the full load current on the neutra] being 637 
amperes. They are compound-wound, and the series and shunt 
coils are connected so that they act accumulatively on the genera- 
tor and differentially on the motor. The series and shunt coils 
in one frame are connected across the armature of the other frame 
for the purpose of producing constant voltage at each end. The 
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Fic. 2—DIsTRIBUTION DIAGRAM 


sets will maintain a difference of potential not in excess of seven 
volts under any conditions of load with an impressed e.m.f. of 
220 volts. Either end of these sets operates as a motor or genera- 
tor as may be demanded by the load. 

Only a brief description can be given of the searchlights proper. 
Fig. 4 shows the lamp mechanism. Fig. 5 is a wiring diagram 
when the carbons are apart, Fig. 6 the same with the carbons 
together, and Fig. 7 gives curves illustrating the time saved by 
the employment of a shunt motor for automatically adjusting 
the carbons in preference to a compound-wound motor. tie 
twelve 110-cm. (43.3-in.) searchlights are similar in every respect 
except that one projector is equipped with a remote-electrically- 
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controlled signaling shutter. The lamp mechanism consists of 
a small electric motor which functions through gearing and so 
moves the carbons. The field and armature of the motor are 
controlled by a differential relay and two auxiliary relays which 


Fic. 5—D1AGRAM oF LAMP CONNECTIONS—CARBONS APART 


cause the armature either to stop or rotate to right or left. The 
first takes place with the current and voltage normal, the second 
when the amperage is too high and the voltage too low, and the 
third when the last condition is reversed. Besides the regular 
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Fic. 6—D1IAGRAM oF LAMP CONNECTIONS—CARBONS TOUCHING 


field winding there is an additional winding on the motor field 
to carry the full lamp current. This produces a strong field 
when the voltage across the arc falls below normal and furnishes 
a dynamic braking effect for retarding the movement of the motor 
armature. For signaling purposes the searchlights are equipped 
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with iris shutters similar to camera shutters. These are all 
manually operated, except one, in which latter case a venetian 
blind shutter, remotely controlled, is also provided. The optical 
arrangements are such as to provide rapid means for changing 
over from a dispersed to a closed beam of light. This is ac- 
complished by means of a double disperser, consisting of two 
parallel systems of plano-convex cylindrical lenses, which may 
at will be drawn together or separated. A sighting telescope at- 


CONNECTED WITH SHUNT WOUND MOTOR 
Frc. 7—Time DIAGRAMS OF SEARCHLIGHT LAMP MorTors 


tached to the side of the drum; a complete lamp telegraph in- 
dicating the positions of the searchlight at the controller; and 
a set of electrical instruments, consisting of a voltmeter and 
ammeter, are furnished with each searchlight. A complete hori- 
zontal cycle of the searchlight may be accomplished either in 
28 seconds or approximately 15 minutes by means of the electric 
remote control. This control may be detached and the mecha- 
nism operated locally by hand. 
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PowER SYSTEM 


The following list shows the extensive applications of the 
electric power and gives the rated load for each equipment. It 
should be borne in mind that these numerous equipments have 
their special uses and are brought into action in general upon 
different occasions. Such systems as the ventilation system, 
sanitary pumps, etc., etc., are continuously in service; but on 
the other hand the deck machinery such as boat booms, deck 
winches, coaling winches, etc., is only used when in port coaling, 
handling small boats, etc. In like manner the turret machinery 
is only used under battle conditions or for practise drills. 


Rated Total Rated Total 


No. Equipment horse horse No. Equipment horse horse 
power power power power 

2 Boat Boom Hoisting.. 50. 100. 5 Refrigerator Pumps... 19.5 97.5 
2 Boat Boom Topping .. 30. 60. 5 Brine Pumpsé.....%<- Bue LS 
4 Deck Winches....... Bie 140. 2 Ozonizer Motor-Gen- 
16 Ammunition Hoists... on 48. erators:...cewns tanks 1.3 2.6 
6 Ammunition Hoists... 5. 30. 2 Ozonizer Pumps..... sa LUE ar 
12 Forced Draft Blowers. 35. 420. 9 Hleyators xc acc exieshs 4. 36. 
1 Anchor Windlass..... 100. 100. 1 Wireless Motor-Gen- 

iiCapstan er er a0 vastness 100. 100. €FGUOTr igs sooth omar 18. 18, 
2 Coaling Winches..... 150. 300. 2 Alternating-Current 

1 Steering Gear... 0. < 150. 150, Motor-Generators.. 37. 74. 

3 Bilge Pumps..... se OZ 210. 1 Dish Washer oso. vias Z.. ie 
14 Bilge Pumps......... 35) 490. L Meat SUCer sn. eters 0.5 0.5 
2 Searchlight Balancer 1 Meat Chopper....... 1S i 

Setsics vatsvters stare ears 93 186 1 Potato Peelerjcnseen- ie Is 
Tire MPa piece evens sernrs 60. 60. 1 Ice Cream Freezer.... ue iti 
2 Fresh Water Pumps... 6. 12: 1 Ege Beaters. «. .0 nh 23 2. 
2 Sanitary Pumps.. ... 35. 70. 1 Extension Lathe..... 3. 3. 
1 Drainage Pump...... 3. 3. 1 Tool Room _ Lathe, 
2 Thermo Tank Pumps. 35. 70. PeinGh 52 ceases ome 0.75 0.75 
3 Turbine Lifting Gear. 30. 90. 1 24-inch Shaper....... 3. 3. 
Laundry yuies steers 6. 6. 1 30-inch Radial Drill... 2.5 2.5 
it) Printing Press. vie. sa 0.25 0,25 1 16-inch Sensitive Drill. OS7E™ 10a 
3 Speed Signal Balls.... 0.5 1.5 1 14-inch Tool Room 
Peake Mixer). Le Li; Lathe waraer teats OnTo Once 
Te Dough: Mixerovanis ses 225 2.6 L Grindstoneccse c+ aes 1 1 
1 Diesel Engine Oil 1 46-inch Boring Mill... 3 3 
PatinpDiaahiras Case cesceyese 1.75 1.75 1 Cutter and Grinder... 1 i 
1 Diesel Engine Cooling 1 Tool Room Lathe 14- 
Water Pump.. OMe 207 Anh ~. hice mane 0.75 On75) 
12) TPurreteRurning ciycey) 2s 300. 1 Sensitive Drill 16-inch. O76 0.75 
12 Gun Elevating... .... 15. 180. 1 Lathe for Armorer’s 
13° Lurret Hoists yan... Wid "9726 Workshop acces ess On75:" 0275 
5. Durret) Hoistssa-sa1« 12. 60. 1 Shaper for Armorer's 
1 DryersRoomins sa. oe 12 iN Workshoptrcsmcuuiae 2. 2. 
1 Roentgen Ray Equip- 1 Sensitive Drill for Ar- 
qmenit).:..</s ete Peuelaiepoiees 5. On morer’s Workshop. . O75 Olt 
1 Vacuum Cleaner.. ...- 0.33 0.33 1, Forge Blower. ane Onto NOn7 5 
1 Electro - Mechanical 1 Foundry Blower...... 5 on 
Hammietiy, sasriieee xe 5. Ip Athletic Horsey) saci 2 2. 
2 Torpedo Air Compres- 1 Moving Picture Ma- 
SOTS's)..¢ eee : 90. 180. Chine. cee tee cee eld Omen an. 
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[HORNOR] 
Fic. 94—WATER-TIGHT PORTABLE LAMP 


PLATE CXXX. 
Ast EE. 
VOL. XXXII, 1914 


[HORNOR] 
PIG. 9g—SELF-CLOSING DISTRIBUTION 
Box 


[HORNOR] 
Fic. 9f—DEsK PORTABLE 


[HORNOR] 
{HORNOR] Fic. 9h—WATER-TIGHT BRANCH JUNC- 
Fic. 9j—FEEDER JUNCTION Box, 4-WAy TION Box—THREE-WAY 


Fic. 12—375-Kw. GENERATOR [HORNOR] 


PLATE CXXXI. 
A. |. E. E. 
VOL. XXXIIl, 1914 


[HORNOR] 


ldigey, 1033 


MAIN DIstRIBUTION SWITCHBOARD 


[HORNOR] 
Fic. 14—Bitce Pump Moror 


1914] HORNOR: BATTLESHIP EQUIPMENT | 1575 


Rated Total Rated Total 
No. Equipment horse horse , No. Equipment horse horse 
: power power power power 
9 600-cu. ft. Ventilation 2 5000 cu. ft. Ventila- 
Fans seiaeweetcnnice 4. 36. tion Mans sey arc ner 6.75 13.5 
9 1600 cu. ft. Ventila- 7 6000 cu. ft. Ventila- 
tion Hans ams.cce al 9. tion ManSteckes vel ce 3.75 26.25 
1 1600 cu. ft. Ventila- 5 6000 cu. ft. Ventila- 
tion Wang stk. co okis 2 2. i PiOnub ays creer veils ihe 35. 
6 2500 cu. ft. Ventila- 2 8000 cu. ft. Ventila- 
toniHansecc. ccies co. 15 = TLODAP ANS se tore cere ace 5. 10. 
24 2500 cu. ft. Ventila- 6 8000 cu. ft. Ventila- 
BION ADS ise tors see sie ce 2.75 66. ton Bans antes 9. 54. 
3 2500 cu. ft. Ventila- 2 10,000 cu. ft. Ventila- 
OMIPANS ys ck oie. 3.5 10.5 tionePans wears ite 6.25 12.5 
4 5000 cu. ft. Ventila- 3 12,000 cu. ft. Ventila- 
PIOHVP ANS) esc s 6 oe 3.25 13. tion Fans: 5 <csc Thess — PRIS) 
6 5000 cu. ft. Ventila- 2 15,000 cu. ft. Ventila- 
tion Pans a, ccs 6. 36. TON Manse. gover LOW 20. 


As shown in the cable scheme for power distribution (Figs. 
10 and 11) the feeders from the main distribution switchboards 
in some cases are led directly to the motor starting panel, in 
others they are branched into mains and in others they are led 
to special distribution panels. This latter is so in the case of 
the four-in. (101.6-mm.) and six-in. (152.4-mm.) ammunition 
hoists, the searchlights, and the 12-in. (304.8-mm.) turrets. The 
turret distribution panel is located on the revolving part of the 
turret and is encased in a water-tight steel box. 

As shown by the illustrations, a variety of motor types is 
used, viz: open, semi-enclosed, fully enclosed, and enclosed- 
ventilated. The small motors up to 10 h.p. are regulated by 
simple starting and field control panels. Above 10 h.p.-drum 
controllers are employed. On the very large equipments per- 
forming special service and requiring 50 to 150 h.p., contactor 
control with dynamic braking is provided. 


STEERING GEAR 


The electrical equipment is designed as an auxiliary to the 
steam steering engine, operates through the same telemotor gear 
on a ‘follow-up ” system, and furnishes only sufficient power 
to carry the rudder from hard-over to hard-over in 40 seconds, 
which is half the time requirement of the steam gear. The motor 
is of the commutating pole, open type, compound-wound, 
rated at 150h.p., 400 to 600 rev. per min., 220 volts. The con- 
trolling appliances comprise a master controller and limit 
switch mounted in one case, a contactor panel and the necessary 
field and armature rheostats operated by the same. In the 


1576 HORNOR: BATTLESHIP EQUIPMENT [Oct. 12 


master controller are two cylinders provided with rings; these 
make electrical contact with plungers; one of these cylinders is for 
the controller, the other for the limit switch. Both cylinders 
turn freely on their supporting shafts. The controller cylinder 
operates through a connecting rod from the operating shaft of the 
steering gear. The limit switch cylinder operates through a 
sprocket chain from the main steering gear shaft. The differential 
gear, or “ follow-up ”’ device, is located between the two cylinders 
and is designed to turn the controller cylinder off by motion of 
the main shaft of the steering gear which turns the limit switch. 
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Fic. 10—DIAGRAM OF POWER DISTRIBUTION 


The latter strengthens the field of the motor when the rudder is 
displaced more than 10 deg. from the midship position. The 
mechanical connections are such that the motor will stop when 
the rudder has reached the angle for which the steering wheel 
has been turned. The motor field cannot be weakened until all 
of the accelerating contactors have closed, after which the con- 
troller will maintain full field until it has been turned through an 
angle corresponding to 3 deg. movement of the rudder from 
Starting position, and intermediate field from 3 deg. to 5 deg., 
after which the motor will run at weak field until the rudder has 
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reached 10 degrees from the midship position. Mounted upon 
the contactor panel are 10 armature contactors, two field con- 
tactors, one disk brake contactor, two counter e.m.f. contactors, 
an overload relay, a double-pole, fused, control switch, and a 
single-pole testing switch. The overload relay controls four of 
the five accelerating circuits whereby they operate, resistance is 
introduced into the armature circuit, and the field rheostat short- 
circuited so that the motor is protected against continued over- 
load without being actually stopped. In this manner accidentally 
losing control of the rudder cannot occur. The limit switch is 
arranged to stop the motor at the 35-deg. position of the rudder. 
Dynamic braking is provided in connection with the electro- 
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Fic. 11—CABLE SCHEME FOR POWER DISTRIBUTION 


mechanical disk brake in order to provide prompt stopping. ’ 
The rudder can be turned at slow speed throughout its travel, 
provided the steering wheel is turned slowly, thereby permitting 
the motor to turn the controller cylinder backward as fast as 
it is turned forward by the steering wheel. This may be ac- 
complished while the controller cylinder moves back and forth 
between limits corresponding to 2.25 degrees motion of the 
rudder, as the motor will start with a motion of cylinder equivalent 
to 0.75 deg. movement of the rudder and the field will be weak- 
ened with 3 deg. similar motion. 


TurrReET Hoists 


The turret turning gear and gun elevating gear are operated 
by constant-speed motors, and speed variations are accomplished 
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by mechanical means. Ventilation blowers in the turrets are 
similar to the regular hull ventilation fans, except for increased 
pressure. The independent hoists complete the electric power 
equipment of the turrets. The main ammunition hoists are 
operated by hydraulic power and the electric hoists are provided 
as an auxiliary. Two upper hoists are fitted in each of the six 
turrets. These are operated by 7.5-h.p. motors. One lower 
hoist is fitted in each turret. One of these is operated by a 7.5- 
h.p. motor and the others by 12-h.p. motors. As these equip- 
ments are generally similar in their operation, only the 12-h.p. 
lower hoist will be described. 

The apparatus consists of: a contactor panel upon which are 
mounted the accelerating contactors, overload relay, current- 
limit relay, and voltage relay; the master controller located at 
the bottom of the hoist; the emergency controller located at 
the top of the hoist; the limit switch and rheostats. By means 
of automatic interlocks on the contactors the connections are 
regulated between the master controller, limit switch and 
emergency or upper controller; so that upon turning the master 
controller to the “‘on’’ position the disk brake releases and the 
motor starts. When the hoist, therefore, reaches its limit in 
either direction dynamic braking is introduced and the motor 
stops. When the operator at the top of the hoist desires to 
stop the hoist he turns the emergency controller to the “off” 
position, the contactors operate automatically and stop the motor. 
If the limit switch is now left in an intermediate position the 
motor will automatically start when the emergency controller 
is turned to the ‘‘on’’ position. If the limit switch has been 
turned to the “‘off” position by the hoist then the motor will 
not, start until the master, or lower, controller is turned to the 
first controller notch. In case of overload, the overload relay 
through the interlocks will open the contactors automatically 
and stop the motor. The hoist cannot be started again until 
the operator returns the master controller to the ‘‘off”’ position, 
which permits the plunger of the overload relay to drop. It 
is necessary to unlock the reversing cylinder of the master 
controller mechanically in order to use the hoist for lowering. 
The connections for this operation are so arranged that the 
accelerating contactors and current-limit relays are inoperative 
and suitable resistance introduced in parallel with the armature 
and a large current capacity resistance connected in series with 
the armature and starting resistance: by reason of which the 
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hoist will lower slowly. Other functions lowering, are similar 
to those of hoisting. 


ANCHOR WINDLASS EQUIPMENT 


The electrical apparatus acts only as an auxiliary to the 
steam windlass and is designed to function at half the normal 
load of the steam gear. The outfit comprises a 100-h.p., 475- 
rev. per min., compound-wound, commutating-field motor of 
the open type which is equipped with a disk brake; two water- 
tight, drum-type, reversing master controllers, one mounted 
in the windlass room and one mounted on the weather deck; 
a contactor panel containing the accelerating contactors, a 
step-back relay, overload relay, a double-pole, single-throw 
disconnecting switch with field discharge clips, a small single- 
throw testing switch, and a low voltage relay. The control 
is semi-automatic, i. e., the first three speeds are controlled by 
the master controller but beyond that the current-limit relays 
on the contactors will prevent them from closing until the 
current in each preceding one has been reduced to a predetermined 
amount, regardless of the position of the controller cylinder. 
The setback relay will open the contactors in case the load should 
be increased beyond that for which the set-back relay has been 
set, and it will introduce all of the starting rheostat except two 
sections, thereby reducing the current to about 25 per cent 
overload on the motor. The overload relay will be set con- 
siderably higher than the set-back relay, thus protecting the 
motor in case of excessive overloads. The overload relay is 
reset by bringing the controller to the “off”? position. The 
armature and commutating field coils are permanently con- 
nected and consequently are reversed together. The low volt- 
age relay prevents the equipment from starting automatically 
after failure of current, requiring the controller to be brought 
back to the ‘‘off’’ position, whereupon the circuit will be re- 
established. 

RoENTGEN Ray OUTFIT 

This equipment is arranged for supply from a 220-volt d-c. 
circuit. The following apparatus of German manufacture is 
furnished: 

An induction coil with adjustable spark gage and three 
primary windings. The length of spark gap is 16 inches (40 cm.). 

Two Gundelach X-ray tubes. 


1580 HORNOR: BATTLESHIP EQUIPMENT [Oct 12 

Two Burger-Central X-ray tubes with curved anticathode, 
air-cooled. 

Two Bauer-Delta X-ray tubes with softening adjustment. 

One three-part Wehnelt interrupter with one thin and two 
thick platinum electrodes. 

One control switch panel. 

The apparatus is located in the operating room adjacent to 
the sick bay. It is of interest because of the originality of the 
application. 

Movine Picture MacHINE 

Like the X-ray outfit the installation of a cameragraph on 
a man-of-war is unusual. The outfit represents the very latest 
design of such machines and is of American manufacture. The 
apparatus is supplied by a 220-volt circuit and the films are 
rotated by an adjustable speed, 220-volt, d-c. motor. All the 
satety attachments required by the underwriters and those 
automatic devices necessary for smooth performance are pro- 
vided. The apparatus is portable. 


SIGNALING SYSTEMS 


The third division of the electrical equipment is classified 
under the head of Interior Communication Systems, although 
a few of these are solely for exterior use. They constitute the 
means for the transmission of intelligence throughout the vessel 
and are responsible for its behavior when a component part of 
a military squadron. 

The systems comprising this division are given in the follow- 
ing list and a few of the more important and unusual applica- 
tions will be briefly described, 


Call Bells. Engine Order Telegraph. 

Reply Signals for Mechanical Fire Room Telegraph. 
Telegraphs. Turret Salvo. 

Fire Alarm. Torpedo Defense Salvo. 

Electric Clock. 


Shaft Revo'ution and Direction 
Indicators. 

Electric Log Indicator. 

Fuel Oil Indicator. 

Ammunition Hoist Indicators. 

Gun Firing. 

Engine Revolution Order 
graph. 

Helm Angle and Steering Tele- 
graph. 


Tele- 


Anchor Handling. 
Coal Bunker Alarm. 
Boiler Firing. 

Boat Hour Gong. 
Day Battle Salvo. 
General Alarm. 
Cease Firing. 
Torpedo Firing. 
General Telephone. 
Captain’s Telephone. 
Fire and Engine Room Telephone. 
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Turret Telephone. Azimuth. 

Fire Control Telephone. Course Telegraph. 

12-in. (304.8-mm.) Fire Control Gyroscopic Compass. 
Telegraph. Pyrometer. 

6-in. (152.4-mm ) Fire Control Anemometer. 
Telegraph. Electric Whistle. 

Turret Danger Zone. Wireless Telegraph. 


Turret Tell-Tale. 


These systems are supplied with power from two stations 
on the vessel, the forward interior communication room and the 
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Fic. 24—DI1AGRAM OF INTERIOR COMMUNICATION DISTRIBUTION 


forward dynamo room. There are two central signaling sta- 
tions, one forward on the upper platform deck below armor 
and the other on the gun deck aft. The vessel is further pro- 
vided with two conning towers, one forward and one aft; two 
observation towers; and several gun control stations. 

A number of these equipments operate on 220 volts direct 
current, supplied in duplicate from the forward and after main 
distribution switchboards. However, certain of the telegraph 
systems require 120 volts alternating current; others, such as the 
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telephone system, clock system, call bell system, require 15 volts 
direct current; and the fire control telephone system requires 35 
volts direct current. These transformations are accomplished by 
means of small motor-generators, usually supplied in duplicate. 
The a-c. motor-generators, which are rated at 18 kw. single-phase, 
50-cycle, 120 volts, being of rather large size, are located one in 
each dynamo room. The a-c. control panel is located in one 
of the compartments constituting the forward central station. 
_ Supply to this panel is brought directly from the control panel 
of the after motor-generator set and, via the after interior com- 
munication control panel, from the forward motor-generator. 
The 15-volt d-c. motor-generators are both located in the 
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Interior Comm. Sw.-board 
Fic. 25—CaBLe SCHEME FOR INTERIOR COMMUNICATION SYSTEM 


forward dynamo room directly below the after interior com- 
munication control panel, which contains a panel especially for 
this distribution. Thus the after interior communication switch- 
board contains three panels; one for the distribution of 220- 
volt d-c. circuits, one for the 15-volt d-c. circuits, and one for 
the 120-volt a-c. circuits. The forward interior communication 
switchboard contains two panels, one distributing 220 volts 
d-c. and the other 35 volts d-c. This switchboard receives 
energy from the two 35-volt d-c. motor-generators for the fire 
control telephone system and the two ringing motor-generators 
for the general telephone system. It also supplies 220-volt 
direct current to the two motor-generators for the gyroscopic 
compass system. The 220-volt busbars are energized directly 
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from the after main distribution switchboard, and also from 
the forward main distribution switchboard via the after interior 
communication switchboard. Every possible precaution has 
been taken to avert any failure of operation due to lack of supply 
orinterruption of service. It is interesting to note that a dia- 
gram of the busbar connections is cut into the face of all switch- 
boards and these grooves filled in with colored paint. 


TELEGRAPH SYSTEMS 


There are about 16 systems, such as engine order telegraph, 
course telegraph, etc., which are operated on the principle of 
an unbalanced circuit, i.e, when the circuit is undisturbed no 
current flows. Thus a constant a-c.. field, which changes its 
direction corresponding to the periods of the exciter current, 
induces currents in the armature coils. The armature of one 
motor—let us say transmitter—is wound with three intercon- 
nected coils and connected by three wires directly to the arma- 
ture coils of the receiver motor. The power in the armature 
windings depends upon the rotative position of the armature 
coils in the field of force. If the armature of the transmitter 
and receiver have the same position relatively to the field then 
the induced e.m.f. would be of the same value and the wires 
between the two armatures would carry no current. If the 
armature of the transmitter is moved so as to unbalance the 
armature circuit then current flows in the armature windings, 
produces a torque, and the armature of the receiver turns to 
the same position. When this occurs the equalizing currents 
disappear, and with them the torque. 

Any desired number of orders can be arranged for transmis- 
sion, and any number of receivers connected to the transmitter 
without increasing the number of connecting wires. Five wires 
are needed for a simple circuit, two for the field and three for 
the armatures. For repeating instruments two sets of motors 
are employed. The transmitter motor is usually larger than 
the receiver motor, due to the fact that it often operates a num- 
ber of receivers. Energy is delivered to this apparatus from 
a 120-volt a-c., single-phase, 50-cycle motor-generator, via a 
step-down transformer, which lowers the potential to 50 volts. 

These instruments have a large and varied use, as shown in 
the above list; sending orders from the bridge to the engine room, 
indicating the position of the rudder direct from the rudder 
stock to the navigator, giving orders for a change in course of 
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the vessel, transmitting emergency orders from the bridge or 
conning tower when the regular steering gear is deranged, 
ordering small changes in speed when in squadron maneuvers, 
furnishing signals from the gun-firing station to each and every 
gun, and many other purposes too numerous to record. 


PYROMETERS 


There are six boiler rooms on the vessel from each of which 
are led three uptakes to the two smoke-stacks. Each uptake 
is provided with a base metal thermocouple pyrometer. Nine 
of these eighteen couples indicate at two stations, one in the 
forward boiler room hatch, and one in the after boiler room 
hatch. The indicators are of the low-resistance type mounted 
in special water-tight cases and provided with a nine-point 
switch for the purpose of reading each uptake temperature. 
The thermocouples are formed of a nickel alloy wire and capable 
of constantly measuring a temperature of 1800 deg. fahr. and 
intermittently up to 2000 deg. fahr. The head of the couple 
is specially arranged for mechanical protection and water- 
tightness. 

ANEMOMETER 


This is an unusual equipment for battleships. The apparatus 
consists of a transmitter comprising a pivoted rotative vane 
carrying at one end a fan. The vane in orientation and the 
fan shaft through a worm gear translate their movements by 
means of electrical contacts. Thus the velocity and direction 
of the wind will be recorded. The instrument for the Moreno 
was ordered from France and registers sixteen directions. The 
direction and velocity of the wind are checked off by the pen on 
the registering chart in increments of one mile (1.609 km.), 
every time the wind changes. The maximum record for the 
chart is 62.13 miles (100 km.) and when the pen reaches this 
point it automatically returns to zero. The transmitter is 
located on the top of the forward cage mast and the registering 
apparatus in the central station. It requires five wires between 
transmitter and register and Operates on approximately four 
primary cells. 


ENGINE REVOLUTION AND Direction InpIcaTor 
Each of the three main turbine propelling shafts is equipped 
with a contact-maker for indicating the number of revolutions, 
a contact-maker for indicating the direction of the shaft, both 
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located in the engine room; a synchronizing clock and indicator 
also located in the engine room near the working platform; 
and three indicators located in the pilot house, forward con- 
ning tower, and central station. Eight wires are required to 
each indicator, three for the direction tell-tale and five for indi- 
cating the speed. Energy for operation is taken from the 15- 
volt busbars of the after interior communication switchboard. 
This apparatus is manufactured in Italy and is known as the 
Molinari speed indicator. 


Fic. 29—INTERIOR VIEW OF SPEED AND DIRECTION INDICATOR 


The direction contact-maker is a simple make-and-break con- 
tact operated directly from the shaft through chain and gearing. 

The revolution contact-maker consists of a lignum-vitae 
cylinder carrying three brass sectors made flush with the per- 
iphery. It is located near the main shaft and arranged to turn 
at the same rate of speed. It is provided with two brushes 
insulated from each other and mounted on spring blocks. 

The synchronizing clock controls the make-and-break con- 
tacts of the revolution contact-maker so that these impulses 
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may be interpreted by the indicator in measured time. A flat 
commutator provided with three segments insulated from each 
other is mounted in the clock and traversed by a metal brush. 
In this particular installation the “long-make”’ segment is de- 
signed to be maintained for a period of 15 seconds and the two 
“short-make” segments two seconds each. In this manner the 
speed during the fifteen seconds previous to reading the indicator 
is correctly measured. 

The indicator consists of a train of clock gears actuated by 
a spring. Fig. 29 shows an internal view of the mechanism and 
Fig. 30 represents a plan of the clockwork. 
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WIRELESS TELEGRAPH 


This apparatus is of German manufacture and known as the 
Telefunken “quench-spark”’, variometer system. The set is 
rated as 5 kw. in the antenna with a primary energy of 8 kw. 
The advantage of the variometer principle is that it permits 
of a variable range of wave length, which range may be chosen 
between 600 meters (1968 ft.) and 2000 meters (6560 ft.), de- 
pending upon the capacity of the aerial. 

The motor-generator set is supplied with a double feeder 
from both of the main distribution switchboards. This set con- 
sists of a 220-volt d-c. motor of 18 h.p. and an a-c, generator 
tated approximately 8 kw., 500 cycles, 220 volts. Thenormal 
speed of the set is 1500 rey. per min. but can be varied for the 
purpose of altering the spark frequency and thereby the note 
of the transmitter about 20 per cent in either direction. The 
pitch of the transmitter note can also be adjusted very exactly 
by varying the field of the generator. 


a 
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A straight core transformer steps up the 220-volt potential 


- to 8000 volts. A primary choke coil is connected in series 


with the low-tension winding of the transformer. When the 
large capacity (5 Leyden jars) is used, the choke coil is used as 
a quenching coil in parallel with the emergency key, 1.e., this 
coil prevents severe sparking when the emergency key is brought 


’ into action. A secondary choke coil is connected in series with 


the high-tension winding of the transformer. This choke coil 
affords not only protection against high frequency, but also 
provides resonance between the transformer and the excitation 
current. 

The closed oscillatory of the transmitter consists of a battery 
of four or five Leyden jars of a capacity of from 10,000 to 12,000 
centimeters each (0.01 to 0.013 microfarad). Four or five of 
these jars can be connected by means of a sliding contact as 
may be required. Next there is provided a 16-part quenched 
spark gap which is air-cooled (maximum number of gaps to be 
used, 12) anda primary variometer. This latter consists of three 
fixed and two movable coils which can be connected either in 
series or parallel by means of a switch. This gives a variable 
inductance in the ratio of 1 to 16. The variometer scale is 
graduated so as to enable any wave length between 600 meters 
(1968 ft.) and 2000 meters (6560 ft.) to be adjusted in a moment. 

The antenna will be of the L type, slanting from the foremast 
to the mainmast. The direct distance is 196 ft. (59.8 m.) 
and the hypotenuse 206 ft. (62.8 m.). The antenna capacity 
has been fixed to absorb an oscillatory energy of 5 kw. without 
loss, providing for the above stated wave lengths. In this circuit 
is the antenna variometer, which consists of six fixed and five 
movable coils arranged in two groups. By means of the scale 
and the corresponding curves, waves up to 1450 meters (4756 ft.) 
can be adjusted. For waves above this a lengthening coil is 
connected in series with the variometer which-increases the wave 
range to 2000 meters (6560 ft.). 

For receiving purposes a crystal detector is used It is claimed 
that this has the property of converting the high-frequency 
currents flowing through it into unidirectional currents. There- 
fore, it operates without any auxiliary e.m.f. and the receiving 
apparatus does not contain a local battery. It is also claimed 
that a very high degree of sensitiveness is shown when receiving 
at long distances.. By its use the connections are also very 
much simplified. Underneath the variable receiving transformer 
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is a two-pole change-over switch tharked ‘long waves”’ and 
‘ short waves.’ When the switch is on the position ‘ short 
waves,’’ the connections are as follows: Antenna, lengthening 
coil, variable condenser, earth or counterpoise. When the 
switch is on the position ‘long waves,” the lengthening coil 
and variable condenser are connected in parallel to form a closed 
oscillatory circuit. The antenna now is connected to one pole 
of the condenser and the earth or counterpoise to the other. 

With both methods of connection, the energy is transferred 
from the low-tension transformer coil which is in series with the 
antenna into the high-tension transformer coil. The latter 
forms, with the detector, an aperiodic circuit. This requires only 
one circuit to be tuned, viz.—for ‘‘ short waves ”’ the antenna 
circuit and for ‘‘long waves” the closed oscillatory circuit. 
Means are also provided for increasing the capacity of the re- 
ceiver through an intermediate circuit whereby disturbances 
from other stations and atmospheric discharges may be avoided. 

The design of this apparatus is such as to provide every 
means for-the protection of the apparatus and operator from 
high tension. Behind the vertical frame of the receiver is a 
high-tension terminal and the high-tension switch, to which the 
leads from the antenna and the transmitter are connected. By 
this means the antenna is connected to the receiver and the trans- 
mitting circuit automatically interrupted. 

This equipment has a guaranteed range of 1000 kilometers 
(621.3 miles) by day and 2100 kilometers (1304.7 miles) by night. 
That these guarantees will be exceeded in practise is seen in the 
report of trials on the sister ship Rivadavia, where communi- 
cation was held between Boston and Colon, a distance of ap- 
proximately 2000 miles (3218 kilometers). 


Gyroscopic Compass 


This apparatus is of German manufacture and is named, after 
its designer, the Anschitz gyro-compass. The design is based 
upon scientific principles laid down by the famous French philo- 
sopher Foucault. He arrived at the conclusion “ that any gyro 
with only two degrees of freedom, 1.e., free to move in two planes 
only, will at any place on the earth’s surface, other than the two 
poles, tend to set itself with its axis of rotation parallel to the 
axis of the earth itself, by reason of the relative rotations of the 
two bodies.” 

The practical value of this mechanism depends upon two 
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essential points: the oscillations must be effectively ‘‘ damped”’ 
and the suspension must be as nearly frictionless as possible. 
If the gyro be considerably deflected from the meridian line it 
will swing for a very long time and in this condition many new 
forces are brought into play. In this compass the movement of 
air set up by the gyro-motor not only provides ventilation for 
the motor but also enables ‘“‘ damping” of the oscillations. 
A small rectangular outlet for the air is cut in the gyro case, 
the space in the base of the binnacle is designed so that the air 
blast will be free from air currents in the casing, and thus the 
forces tending to tilt the gyro from the horizontal are opposed. 
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Fic. 33—SECTIONAL VIEW OF GYROSCOPIC CoMPASS 


As will be seen in Fig. 33, the complete gyro with motor casing, 
etc., is suspended by means of a circular, hollow, steel float 
in a bath of mercury. The mercury bowlis supported on gimbals 
in the same manner as any ordinary magnetic compass. ‘The 
compass card is directly attached to the float and gyro and the 
gyro axle is directly under the north and south points of the card. 
The gyro always points due north and south. ‘‘In order to 
keep the whole floating system central a steel stem is fixed cen- 
trally in the top glass and the lower end of the stem dips into a 
small mercury cup carried on the top of the float. A similar 
connection is effected by a steel tube mounted concentrically 
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with the stem and a second mercury cup. ‘These two sets of 
connections are electrically insulated from one another and 
from the general metal portions of the apparatus. These two 
connections carry two phases of a three-phase current to the 
motor of the gyro; the third phase reaches the motor through the 
mercury bowl, mercury and float. The motor of the gyro con- 
sists of a very small three-phase motor, the stator of which carries 
the windings, so that all the connections can be rigidly made. 
The rotor is rigidly fixed into the inside of the gyro flywheel 
itself.”” Special nickel steel is used throughout and the axle 
is supported on ball bearings of specially hard steel. 

The master compass receives its energy from duplicate motor- 
generators. The motor-generator transforms the 220-volt 
direct-current to three-phase alternating-current at 120 volts 
and 333 cycles. The alternator has 16 poles and runs at a normal 
speed of 2500 rev. per min. Therefore the gyro motor, which 
has two poles, runs at approximately 20,000 rev. per min. A 
control panel is provided upon which are mounted meters, 
switches, fuses, etc. 

The master compass is arranged so that the mercury bowl 
may turn without any work being thrown on the gyro. The 
design is such that the mercury bowl always “follows” the 
movements of the gyro. This is only apparent, as it is the ship 
and binnacle that move. When the ship turns, a corresponding 
movement is imparted to the mercury bowl. The compass 
card of the floating system carries a small contact ball which is 
in contact with one phase of the three-phase supply. Attached 
to the mercury bowl but insulated from it are two semi-circular 
contact bands. Any movement of the ship will bring the contact 
ball of the floating system into contact with these semi-circular 
bands. These contacts control a two-phase reversible motor 
mounted on the gimbal rings which when contact is made rotates 
the mercury bowl until the contact is broken and the circuit to 
reversible motor is open. This motor, as just described, re- 
ceives its two-phase current from two of the three phases driving 
the gyro-motor. 

The transmission of these motions to the receiving compasses 
is accomplished by means of a commutator mounted on the axle 
of the reversible motor. This commutator is constructed half of 
glass and half of silver. Four sets of brushes are arranged around 
the commutator at a distance of 120 deg. Connections are 
made from each of these points to ‘each receiver, The motor 
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of the receiver has a stator similar to that ofa star-connected 
three-phase motor. The star point of the stator is connected 
by a brush to the shuttle armature. This synchronizing ar- 
rangement is claimed to repeat these movements with an accuracy 
of one-sixth of one complete revolution. The receiver motor 
is operated by direct current through a special resistance which 
acts like a potentiometer resistance and which branches the direct 
current at 140 volts. The supply of direct current is controlled 
by the same switch which controls the alternating current so 
that any failure of the supply will not throw the receiver out 
of synchronism. The receiver motors are geared to their outer 
compass card in the same ratio as the reversible motor of the 
master compass is geared to the mercury bowl. 

General points of interest regarding this device may be sum- 
marized as follows: 

Peripheral speed of the gyro is 500 ft. (152.5 meters) per second 
or 340 miles (547.06 km.) per hour. 

The air friction is so great that it absorbs 95 per cent of the 
power of the gyro-motor. 

The directive force on the gyro-compass is approximately 15 
times as great as a magnetic liquid compass, free from all disturb- 
ances. 

The gyro-compass, unlike the magnetic compass, points to the 
true north pole of the earth. 

Directive force diminishes as the poles. of the earth are 
approached, because of the higher latitude. Therefore the 
actual distance moved by the gyro (in space) in a given time is 
smaller. No directive force exists at the poles. Every line 
there is a meridian. 

The angular momentum about the axle of the gyro is always 
100,000 times, and sometimes 1,000,000 times, as great as the 
component of the angular momentum due to precession. 

The following numerical data obtained from an actual instru- 
ment may be of interest. 


Righting coefficient at the equator.......---+.+++++55: 20,190 dyn. cm. 

Nit enmoR ner tans coin wea oe ook amides Fy oo 5 404 x 10" g. cm? 

Period of damped oscillation............+++seeee rere 4,110 seconds 

Period of undamped oscillation............-.+++++++05: 3,680 seconds 
CONCLUSION 


This equipment is the largest and most costly ever installed 
in this country, comprising 3000 electric lights, 4000 rated h.p. 
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and approximately 76 miles (122.3 km.) of cable. It is a note- 
worthy engineering achievement in that it wasa departure from 
American practise in the use of 230 volts; in the employment of 
lead-covered, steel-armored, conductors: in the application of 
220-volt tungsten lamps; in the use of electricity for the purpose 
of steering the vessel, operating the anchor, and the bilge pumps; 
and many more advances in the application of electrical power. 
The result has been fruitful to the American manufacturer in 
that he is now prepared to furnish standard 230-volt apparatus 
designed for use on shipboard. This equipment also stands as 
a practical solution of the many problems involved and as a 
working comparison with previous equipments. 
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Discussion ON “ ELECTRICAL EQUIPMENT OF THE ARGENTINE 
BaTTLesHip ‘ MorENO’” (HORNOR), PHILADELPHIA, PA., 
OcToBER 12, 1914. 


H. L. Hibbard: I should like to know if the author could 
tell us something about the results of the tests on the electrical 
equipments which he pointed out as particularly novel and new, 
for instance, steering gear, anchor windlass, bilge pumps and 
ammunition hoists. All those are more or less novel, and I 
thought perhaps he could give us some actual data from this 
ship or possibly from her sister ship. 

Maxwell W. Day: I think there is a decided advantage in 
the 220-volt system, as far as the installation of the wire is 
concerned and also in the size of the controlling appliances, 
and also to some extent because of its effect on the design of 
the motors, especially in the larger sizes where commutator 
space can be saved, but, on the other hand, the motors 
require more turns, taking a greater amount of waste space 
for insulation and a greater use of commutating poles, so 
that for a larger number of the motors there is no saving in 
weight or expense. 

The question of operating searchlights by balancer sets or by 
other means is something of a problem. It is not extremely 
easy to determine whether it is better to put in balancer sets 
and use the rheostats or to use that type of generator which 
will give practically a constant current. With the 125-volt 
system there is no particular advantage in this type of generator, 
because its efficiency is not as high as that of other types, so 
that there is considerable loss in the machine itself, and the 
difference in using a rheostat for 125 volts to steady the arc, 
which might take 65 volts, or the use of a motor-generator set, 
does not show any great advantage for the motor-generator 
when we take into account the weight to be carried on the ship, 
although there might be cases in which the heat developed on 
the rheostats would be sufficiently objectionable to cause a 
decision in favor of the other arrangement. But when you come 
to 220 volts, the case is somewhat different, and in some navies 
special motor-generators, that deliver practically ‘a constant 
current and require no steadying resistance for the arc, have 
been quite extensively used. 

The steel switchboard with the instruments insulated from 
it is German practise. It seems to have some advantages, but, 
of course, the question of insulation is more difficult than it 
is with a slate base or panel made entirely of insulating material. 
But some troubles that have been experienced with slate led 
the United States Navy to look for other substances, and on 
motor control panels the use of ebony asbestos wood in place of 
slate is becoming more extensive. The use of alternating cur- 
rent for the interior communication system is also a German 
practise, although the Germans use direct-current apparatus 
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also. I do not suppose the experience on the Argentine ships 
has been sufficiently extensive vet to decide on the relative merits 
so far as these ships are concerned. 

The question that Mr. Hornor raised, of continuous waves 
as against a spark system of wireless telegraphy, is one of interest 
and the very successful results that have been obtained with 
the continuous wave system, both when developed by the arc 
and by high-frequency generators, have led to the desire to 
make use of some such system on smaller outfits, such as those 
used on vessels. But in the first place, there is a little difficulty 
in conveniently obtaining the short waves from the arc system, 
and to build a small high-frequency generator for short waves, 
is very expensive. Further, I understand that the short con- 
tinuous waves are subject to a greater absorption in the atmos- 
phere than those of the spark system, so that it seems rather 
doubtful to me that the continuous wave system will be exten- 
sively used for shipboard practise, at least in the near future. 

I might say a word about the steering gear. As Mr. Hibbard 
knows, we have not advocated the contactor system for large 
equipments, but this particular case being one of 220 volts and 
of comparatively small power, it seemed to come within that 
range where contactors could be used with satisfaction. This 
particular system is not exactly what is being used in the United 
States Navy as regards the follow-up device. The United 
States Navy does not use follow-up devices, so that when the 
steering switch is turned to the right or left, the rudder moves to 
the right or left as long as the switch is left in that position 
or until the limit switch cuts it off, while on the earlier systems 
of electric steering gear, the amount of motion of the motor 
depended upon the amount of movement of the steering wheel 
or steering lever. It is rather difficult to make an electric 
follow-up device, and so in this case, and also in order to avoid 
adding to what is already an extensive electric equipment, the 
electric connecting leads between the steering gear itself and 
the steering stations were omitted and the control is operated 
by means of the same wire rope or hydraulic telemotor that 
operates the steam valve, the change-over connections being 
made in the steering room. 

The Moreno has not had its trial trip, so that the tests at sea 
on this gear have not yet been made, and the final equipment 
on the Rivadavia has not had its full test, so that at present 
no information is available concerning the amount of power 
required or the general operation. 

G. A. Pierce, Jr.: The wiring and the method of installation 
described were unique in this country and at the time this in- 
stallation was designed. As Mr. Hornor stated, changes have 
been going on from time to time from a conduit system, which 
1s not to be desired in any respect, and has been looked upon 
with suspicion since the early days when the change was made 
from a wooden molding to conduit. I think there will be no 
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occasion in the future to return to the conduit system, so that 
as regards the reduction in weight and space and also the in- 
creased facilities for inspection, the present form of construction 
in the Moreno is an advancement. 

In the distribution of energy we find the same method 
that has always been employed in this country, that of 
separate dynamo rooms, with interconnecting bus feeders, 
necessarily large switchboards, a multiplicity of circuits of small 
cross-section paralleling each other for great lengths, with a 
corresponding number of protective devices, and numerous large 
and cumbersome hand starting devices for motors. The installa- 
tion of 38 lighting circuits for a total of 3000 lights, or an average 
of 80 lights per circuit, and the use of 76 miles of wire in the in- 
stallation of this size, is a continuance of past practise, the ad- 
vantage of which has long since been questioned in this country. 

While there are some innovations in the application of elec- 
tricity on this vessel, the extreme application is not apparent. 
The communicating and lighting system compares with vessels 
of the same dimensions built in this country, and by a comparison 
of the power installation with other vessels we find but few 
exceptions, viz., windlass, fire pump, oil engine pumps, electro- 
mechanical hammer, ozonators, athletic horse, and moving pic- 
ture machine. There is also in use a power system which ap- 
pears to have been advisedly omitted in vessels built in this 
country, that is, the electric forced draft blowers. Since the 
stuccessful construction of small steam turbines has been ac- 
complished, the installation of electric motors for forced draft 
blowers results in a waste of space, weight and economy. While 
we desire to see the unlimited use of the electric motor, it is 
the speaker’s opinion that this consideration will apply to all 
auxiliaries within the zone of the boiler and machinery spaces, 
where power is available direct from the boilers without trans- 
formation and control of the power is so extremely simplified. 

In 1902, when the Russian battleship was constructed in 
Philadelphia, we had an electric steering gear, electric bilge 
pumps, ash hoists, and electricity in almost all of these features, 
with the exception of the windlass, fire pumps, oil engine pumps, 
electro-mechanical hammer, etc., which at that time had not 
been invented, or were not in use anywhere. 

The use of 220 volts, double the voltage previously used, does 
not result in one-half the cost of wire as would be indicated, 
but only in the saving of three-tenths, with very little difference 
in the cost of wiring appliances and practically no difference in 
the cost of apparatus or labor for installation. The saving in 
weight follows very closely the same proportions as the cost of 
material, and when the additional cost and weight of balancer 
sets with wiring and additional protective devices and switch- 
board equipment for the control of searchlights is considered, 
the advantage of this increase in voltage is questionable, par- 
ticularly in view of the advisability, since alkaline storage bat- 
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teries have become a commercial success, of installing storage 
batteries as auxiliaries for lighting and power for each battle 
unit. 

The interior and exterior means of communication of infor- 
mation on this vessel are complete. The ever-increasing growth 
of this system in a battleship may, however, necessitate its re- 
modeling in a very few months, as it is upon these systems the 
vessel must depend for its existence. If ready for action its 
presence must not be known until within range and if caught 
unawares or disabled it must attempt to escape and the vessel’s 
own smoke or absence of it is employed for this purpose. We 
have recently learned of an invention to indicate automatically 
in any part of the vessel the color of the smoke emitted from the 
stack, and no doubt this system will be added in the near future 
to the ever-increasing means of communication on naval vessels. 

Mr. Hornor has raised some question about the 220-volt 
lamps. Since the 220-volt tungsten lamps have been put on the 
market, we have been installing them in our shops, installing 
them on the bottom of cranes, and if there is anything that gets 
more vibration and shake than the bottom of a shop crane, it 
will hardly be found on a battleship. 

As regards slate switchboards, I quite agree with the move our 
Government has made in the installation of composition in 
place of slate. 

There appears to be no more necessity for duplicate dynamo 
rooms than for duplicate engine rooms. We believe that in 
the power plant of the future battleship there will be a number 
of units and a switchboard for supplying power for propelling 
the vessel and for all auxiliaries and lighting. The lighting 
and power for a deck or watertight section would be supplied 
from a common feeder with protective devices only at the ap- 
paratus, thus reducing weight, space and the cutting of bulk- 
heads. All motors would be started either by contactors with 
a master controller or by automatic starter with a push button, 
depending upon the size and use of the motors. Lighting and 
power of each battle unit and indispensable auxiliary, such as 
steering gear, would be supplied by individual storage batteries 
of capacity for battle, thus reducing the size and increasing the 
efficiency of power installation. 

We believe an installation of this character, in any or all of 
its features resembling the solution of the electric power engineer- 
ing problem in large power stations on shore, and having the 
additional reserve for battle conditions at sea, to be not only a 
departure, but a decided advantage in economy, weight and 
space in comparison with any marine installations at the present 
date. Omitting the feature of electric propulsion, it is my 
opinion that the present practise can be improved upon by 
combining the dynamo rooms, combining and reducing the 
lighting and power circuits, using automatic starters and in- 
stalling alkaline storage batteries, as previously stated. 
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Elmer A. Sperry: Mr. Hornor has given us a valuable paper. 

We find in the last paragraph on page 1588 “ that any gyro 
with only two degrees of freedom, 7.e., free to move in two planes 
only,’’ can be used as a compass. Now that is perfectly true; 
but that compass will only operate on land. When we take 
such a compass and put it on board ship, where it is subjected 
to all sorts of movements and motions, we encounter many real 
problems. ‘These are due to the fact that the compass must of 
necessity be built pendulous, be supported in a Cardan or gimbal 
mounting, that it is subjected to acceleration and retardation 
pressures of the ship on which it.is mounted during all sorts“of 
maneuvers and changes of heading of the ship. A 
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The compasses with which the Argentine battleships are equip- 
ped were purchased in 1910 or 1911 from a German manufac- 
turer and contain one 6-in. gyro spinning at about 20,000 rev. 
per min. This was hung pendulous within an annular mercury 
bowl and was found to give serious deflections in azimuth, re- 
sulting from acceleration and retardation pressures and move- 
ments of the vessel referred to. No compasses with a single 
gyro wheel have been built by this concern for the past two or 
three years, but they have developed a new and very interesting 
compass containing three gyro wheels set at different angles 
to each other and coupled by certain links and bell-crank levers, 
pitman, etc., all the gyros being provided with centralizing 
springs, and they have adopted a follow-up system substantially 
similar to the one shown and described in a paper* on this sub- 


*H. C. Ford, The Electrically Driven Gyroscope in Marine Work, 
this volume, p. 857, Part I. 
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ject read before the Institute last June—see Figs. 7 to 15. 

Inasmuch as no representation of this German product has 
been published in our annals, I am showing herewith, Fig. 1, 
a vertical section through the machine, giving a view of two of 
the three gyro wheels, three gyros being located equidistant 
around the circle. Each of these gyro wheels, it is stated, re- 
quires 1.1 amperes per phase at 120 volts, with a three-phase 
alternating current having a periodicity of 335 per second—in 
all, 3.3 amperes per phase. This is somewhat in excess of three 
times the current required by the American-made machine. 
The combined directive power, or useful function of this three- 
gyro compass is, however, only about 5/22 of that of the Ameri- 
can-made machine. 

Recent progress in adapting the gyro-compass to battle con- 
ditions has enabled the United States Navy to utilize features 
which do not seem to be present in any other navigation appara- 
tus; among these is the fact that constant corrections which are 
found to be due to speed and course are automatically neutralized, 
giving all readings exactly on the true geographical meridian. 
Moreover, the military value of the apparatus adopted by the 
United States Navy is considerably increased, due to the fact 
that if the current supply cables are shot away or the current 
supply ceases for any reason the compass will continue to 
give true meridional readings with a high degree of precision 
for from one to two hours, instead of immediately initiating 
a wide-angle swing from the meridian. Also, each accelera- 
tion or retardation pressure received by the compass from the 
ship is made to introduce a primary force exactly balancing 
the disturbing factor, which latter is very powerful and would 
otherwise swing the compass away from the meridian. 

The master compass is never used upon the bridge or in any 
of the major helmsman or steering positions, but is down in 
a position of safety below the water line and protected deck 
of the vessel. The azimuth, however, is required at distant 
points and is supplied by repeater compasses electrically con- 
nected to the master, reproducing the azimuth to the accuracy 
of a very slight fraction of a degree and with practically zero 
time lag. The American equipment has a unique feature con- 
sisting of means for synchronizing all or any of the distant re- 
peaters and bringing them into exact harmony with the master, 
rather than trying to do it by telephone at each individual re- 
peater. 

Another unique feature is an independent device connected with 
the master compass, giving extremely accurate indications as 
to whether or not the master compass is on the exact meridian. 
Coupled with this is an alarm system which gives automatic and 
vigorous notification if for any reason the master compass is 
off the meridian even a fraction of a degree. 

We have heard a great deal about the performance of sub- 
marines in the present war. This performance is all the more 
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interesting owing to this being the first opportunity that this 
new form of craft has had to exhibit its powers in actual warfare. 
In this connection a photograph of the entire gyro-compass 
equipment of one such submarine might be of interest. Fig. 2 
reproduces a photograph of the equipment of the English 
submarine E-9, which is reported to have performed some very 
startling feats near Cuxhaven at a considerable distance from 
its base, to which base the submarine again safely returned after, 
it is reported, having inflicted considerable damage on the enemy. 
The illustration shows the equipment which had been installed 
some six days prior to this performance. One of the repeater 
compasses of this equipment is provided with a long flexible 
cable and is portable (see Fig. 3), being capable of use in various 
parts of the ship, especially at the discharge valve of the tor- 
pedoes. The great precision with which the exact gyro azimuth 
of all periscopic.observations may now be determined and also 
the high degree of precision with which the ship may thereafter 
be directed, gives assurance of accuracy of torpedo fire never 
heretofore attained, and probably unattainable by any other 
means. 

I wish to express my great appreciation of Mr. Hornor’s 
paper, which has gone into so many interesting details of these 
great ships which America is certainly proud of having built 
for our American neighbors. 

H. L. Hibbard: After Mr. Sperry’s gyroscopic oscillations, 
a discussion on some of the other points will perhaps seem rather 
commonplace, but I should like to make a few remarks on some 
of the things which Mr. Hornor outlined. 

On the voltage question, there is, of course, a gain in the size 
of conductors and an appreciable gain in the size of controlling 
apparatus, especially on large auxiliaries, so that, aside from the 
slight objection, perhaps, to the use of as high voltage as this 
on the ship, the advantage seems to be on the side of the higher 
voltage. 

As to the question of the banishment of the slate, it seems 
to me that has been a very good move, because all of us had 
considerable trouble with slate from breakage. When the com- 
pany with which I am associated went to the Navy Department 
a few years ago and asked permission to supply asbestos switch- 
board panels, etc., on battleships, they gave consent very re- 
luctantly, at our risk entirely. They now specify the asbestos 
material, which shows quite a change in opinion. 

As regards electric steering gear, the chief advantages inherent 
in this type of apparatus were outlined pretty fully in my paper* 
presented at the May meeting in New York; it is not necessary 
to go into that further. I should like to ask Mr. Day if I cor- 
rectly understood him to say that the decision as to the use of 
the contactor system on these ships was based on the ground of 
horse power only. Did that decide the matter? 


ete ee 
* Electricity the Future Power for Steering Vessels, this volume, p. 619, 
Partials 
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Mr. Hornor brought up the question of whether or not it is 
of any real advantage to electrify the anchor windlass, and said 
that the principal advantage is in doing away with the steam 
pipes. That probably is the greatest advantage, doing away 
with the condensation of steam in those pipes and the weight 
of the piping, and also there is some saving in weight of the 
auxiliary itself. Further, an electric motor is a better machine 
than a steam engine, and you can put in more power in the 
same space than you can with a steam engine. The steam en- 
gine has to be designed for maximum torque, and sufficient 
strength to develop that torque, while in the motor you have 
an overload capacity available that does not compare with the 
condition in the steam engine. Mr. Hornor said that the 
anchor windlass on the Moreno had one-half the horse power of 
the steam engine equipment. That is probably a misunder- 
standing. I should like to ask him what is probably the horse 
power of the steam engine equipment. 

One of the speakers made a reference to a dynamic brake in 
Fig. 16, which I should like to correct. The brake in the figure 
is a motor disk brake, on which point Mr. Day will bear me out. 
I assume there is a dynamic brake in the equipment also. 

With Mr. Pierce, I think that Mr. Hornor’s statement in his 
last paragraph ought not to go entirely unquestioned, to the 
effect that the installation of a number of the auxiliaries is a 
new departure from American practise, particularly in the United 
States Navy. As Mr. Pierce has said, on the Russian battle- 
ship constructed in Philadelphia before the Moreno was projected, 
most of these auxiliaries were installed. Also, the United States 
Navy at the time that this battleship was first started certainly 
had under test electric steering gears and had under consideration 
electric anchor windlasses, and long before the Moreno was 
constructed our navy had installations of both. 

B. B. Bierer: There are a few things that I understood Mr. 
Pierce to say that have made me wish to make a few suggestions 
to those who are interested in the subject. One was the state- 
ment that there is no more use for two dynamo rooms on board 
a ship than there is for two engine rooms. That is correct, 
possibly, but I think there are, as a rule, two engine rooms on 
battleships, and sometimes three. We have tried the one dy- 
namo room proposition and we have gone to two dynamo rooms 
or possibly an additional room for a Diesel engine above water 
for wireless, in case the dynamo rooms are submerged. We 
wish to take every precaution against placing the ship entirely 
out of commission. Of course the motive power might be placed 
out of commission with either one or two engine rooms, but that 
would still leave fighting power, provided we had a dynamo 
room in commission, as that is entirely electrically controlled— 
that is, lighting and fighting power and the wireless—and it 
would be a pretty dangerous proposition, even with the motive 
power out of commission, for someone else of at least smaller 
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fighting power to come too near, In addition to the use of the 
wireless and power—which is electrical power, the fighting 
power of the ship—of course you can see very readily the ad- 
vantages of having a number of means by which a ship cannot 
be put entirely out of commission. 
_ I was very much interested in the remarks Mr. Pierce made 
in reference to the question of conduit or armored cable, because 
I have been associated with the use of conduit for a great many 
years, and the advantages that were claimed in the adoption of 
conduit have not been secured in the Navy, although we stuck 
to it for many years. One is water-tightness. That was im- 
possible. The conduit installation was supposed to be water- 
tight, both in itself and where it passed through water-tight 
bulkheads, but in collisions that have occurred, when the com- 
partment in collision was shut off and pumped out to put a patch 
on, water simply poured into the compartment and it was found 
it came through the conduit—simply had leaked in in streams. 
Now in addition to this leaking in in streams, when the decks 
are washed down and various things of that kind done, moisture 
gets into the conduit. It accumulates a mass of muck and 
corruption there at the end of a few years, everywhere the 
moisture gets in, and it is almost impossible to keep i OuL 
anywhere, any time or any place. That breaks down the in- 
sulation and one pretty soon finds so many grounds in the elec- 
trical installation of the ship, that were the ship to be used 
as a fighting machine and require all her electrical power, she 
would be absolutely unable to come up to the requirements. 
Armored cable absolutely does away with grounds in the 
cable itself. Of course, there may be grounds in the junction 
boxes, connection boxes, and fixtures, but as far as the cable is 
concerned, unless that is pierced there are no grounds possible. 
The lead around the fiber insulation of the wire itself makes a 
perfectly water-tight seal. Then the mechanical protection— 
the wire braid—is very strong. You can bend that. You can 
put the end of the cable in a vise and bend it back and forth 
“ antil the cows come home,” as they say, and it is still as good 
as ever, and the lead itself will break before the wire braid will. 
Now as to the question of induction. We formerly used a 
great deal of what we call open work wiring instead of the con- 
duit, to lessen weight and lessen this mass of pipes running 
around and underneath the beams—dust collectors and vermin 
collectors and having a most unsightly appearance. The ques- 
tion of induction, and wireless and other electric currents from 
one cable to another, was such that a short time—I don’t mean 
to say a short space of time necessarily, but a short time in the 
life of a battleship—two or three years—would put the electrical 
installation out of commission as far as grounds are concerned. 
It had to be all gone over again every year. Where there is 
any trouble in conduit installation, it means tearing out the whole 
thing and putting in new. These are points in the consideration 
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of conduit and wiring that come up from experience and are 
absolutely necessary to consider. coh.) 

We do not have that small kuhlo (concentric) wire in use in 
our service, but it looks very good to me. It is neat, though a 
little expensive, and it certainly would be extremely desirable 
from a naval viewpoint. - 

J. H. Linnard: The great difficulty with the application of 
electricity to the windlass engine is the fact that the normal 
condition of a windlass when it is being operated is to be stalled, 
and you never know when that is going to happen. It stops at 
the most unexpected times. Now the question is, if you get 
the armature of your motor working at a speed that gives very 
considerable inertia forces, how are you going to deal with that 
when the unexpected jam occurs, as it practically always does 
occur, when the anchors are being weighed? I haven’t heard 
how that matter has been dealt with in these recent electrical 
installations for windlass engines, so that I do not feel able to 
speak about the matter. 

I am glad to hear Commander Bierer tell us that conduit has 
been abolished in the later ships of the N avy, because from the 
point of view of a naval constructor it was precisely those diffi- 
culties of the weight and lack of water-tightness of conduit that 
always caused us to be on our knees to the Electrical Department 
to abolish it, but at that time they saw so many advantages in 
the use of conduit that they were unwilling to do so. 

W.F. Cochrane: I appreciate the opportunity to join in the 
discussion of this paper, remarkable for its completeness, before 
this society that has done more to enlarge the field of electricity 
than any other organization in this or any other country. In 
fact, I think I may say that a great deal of the electrical suprem- 
acy of the American manufacturer is due to this Institute 
through its meetings and its frank and open criticisms. 

Any criticism I may make of the paper that has just been read 
will be from the battle point of view and from that of ex- 
perience in the practical handling of electrical installations on 
board ship, and not from the standpoint of an expert electrician, 
as my electrical knowledge is limited to the practical handling 
of electrical installations on board ship. 

The keynote of any installation for a battleship should be 
simplicity. If possible, only one voltage should be used on 
the entire ship for all purposes. The number of feeders should 
be reduced to a minimum and all efforts should be turned to- 
wards the one great objective of making the installation as 
simple as possible. The character of electricians available 
makes this element of simplicity imperative. The United States 
Navy has been rightly named “a great educational institution.” 
The electricians that we have in the navy are men who enlist 
and have a small amount of experience and knowledge in elec- 
tricity. These men are then sent to an electrical school where 
they receive instruction in the various appliances’ used on board 
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ship. The period of time occupied by this is about one year; 
the man is then sent to some ship in an inferior position as an 
electrician. From this you can easily see how important the 
item of simplicity becomes in the design of the electrical installa- 
tion of a battleship. 

In the installation just described, I do not consider that 
simplicity has been attained to the extent that it could have 
been. First, in the use of 230 volts, for which a saving is 
claimed, but which we may seriously doubt, due to the instal- 
lation of transformers to enable the searchlight system to be 
operated at the most advantageous voltage. Iam not in favor of 
the use of high voltages on board ship unless a great saving in 
either weight or cost, or a simplification of the systems, will result 
therefrom. One disadvantage is that the use of higher voltage 
leads to considerably great liability to insulation troubles. 

The installation of great numbers of protective devices, in 
my opinion, serves no useful purpose. There should not be any 
necessity for a protective device such as a circuit breaker, ex- 
cept at the switchboard. The line itself should require no pro- 
tection. A fuse at the particular piece of apparatus on the line, 
whether it be a motor, indicator or any electrical instrument, 
should be ample protection for this installation. 

In the matter of lighting circuits, we have, in the installation 
described, two battle lighting circuits, one white and one blue. 
I personally am not in favor of more than one battle lighting 
circuit, although the blue light circuit has its advantage in the 
fact that blue lights can be used in the gun deck compartments 
and will show very little light outside, but there should not be 
any necessity for general lighting around the compartment of a 
broadside gun. In turrets and in enclosed places, white lights 
are used as they cannot be seen from the outside. T he greatest 
protection a battleship can have against submarines and destroy- 
ers operating at night is absolute darkness. The blue light 
circuit may not give much light, but it will certainly be easier 
to discover a battleship with a blue light circuit lighted than 
one with absolutely no light showing. 

In regard to the battle lighting and power circuits of a battle- 
ship, I am heartily in favor of the use of alkaline storage batteries 
for the battle service. I believe that this is the best solution of 
the many problems confronting the designer of an electrical 
installation on board a battleship, because the storage battery 
can be installed in the turret to operate everything in the turret, 
and then the oaly possible way to affect the power units of the 
turret would be to put the turret itself out of commission. 

In regard to interior communications, battle lighting, it 1s 
much better if operated by a storage battery which can be placed 
in such a position that before it is injured or any of the leads are 
injured, the ship itself will be practically destroyed insofar as 
she is valuable as a fighting unit. We may also say that an 
installation of this kind will save considerable space and some 
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weight, as it will do away with the requirement of two dynamo 
rooms and it will be possible to place the dynamo room as an 
auxiliary to the engine room, or combine the two into one power 
plant, in case electric propulsion is adopted for battleships, as 
most of us believe it will be in the near future. It will combine 
the dynamo room and engine room in one locality that can be 
protected to such an extent that it will be practically impossible 
to injure the installation in any way. hat 

The design of interior and’ exterior means of communication 
on a battleship is subject to practically constant change, and it 
is believed that these systems will be radically changed in the 
near future, with the advent of an invention to indicate auto- 
matically, in any part of the vessel, the color of smoke emitted 
from the stack, and with the application of the principles in- 
volved in this invention to general methods of interior communi- 
cation in time of battle. 

To sum up, the electrical equipment of the Argentine battle- 
ship Moreno is the most complete that I have ever seen, although 
I doubt the battle usefulness of a great many features that have 
been installed on board. I think it would be far more creditable 
if the designer had been able to say, ‘“‘ we have an installation 
that will produce the same results as the installation that was 
placed in the last battleship built, and we have only used half 
the miles of wire and half the fixtures and we only have half 
the number of protective devices and half the number of 
automatic starters and auxiliary instruments.” 

Clyde S. McDowell: Mr. Hornor described a method of 
telling the trueness of the searchlight mirror which is known as 
the “ screen test;” it is done by photographing a reflected image 
of parallel wires or lines. However, this only shows the trueness 
of the grinding, and is not an indication of whether or not the 
mirror is parabolic. In addition to testing for trueness of grinding 
the mirrors should be tested for over-all efficiency. This can be 
done by taking a mirror and placing at the focus a concentrated- 
filament tungsten lamp or other source of light, and, at a distance 
far enough away so that the light varies inversely as the square of 
the distance, measuring by photometer across the beam in 
both directions the actual light received on the distant screen. 
In this method the source of light is known and always the same, 
and a true indication of the value of the mirror is obtained. It 
has been found by tests that one mirror which showed by the 
screen test to be perfectly true in its grinding, put up against 
another mirror which showed marked irregularities in grinding, did 
not show as good results in actual illumination, due undoubtedly 
to the structure of the glass, the thickness of the glass, or 
the color of the glass. 

There was a question brought up as to the 220- and 110-volt 
systems on board ship for lighting. We have made numerous 
tests on vibrating platforms and lamps in both horizontal and 
vertical position, both 220- and 110-volt lamps—these platforms 
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vibrating at the regular period of vibration of a ship—and in 
the sizes of higher wattage we find that the 220-volt lamps have 
as long life as the 110-volt lamps. That test is made with the 
lights on half the time and off half the time, so that the regular 
service conditions are obtained. 

On the question of using a balancer set for searchlights on 220 
volts, that is probably a good engineering way to cover it, but 
on some of our larger ships we are using 220 volts and have a 
balancer set to take the unbalanced lighting load large enough to 
take in addition the unbalanced load of four searchlights, which 
would be putting the searchlights on the lighting circuit. ; 

On the question of doing away with conduit, one of the reasons 
why conduit has proved unsuccessful on board ship, especially 
in the fire rooms and engine rooms, has been the condensation 
in the conduit, irrespective of whether it was water-tight or not. 
The great changes in temperature that take place, cause the 
conduit to fill up with water. 

Maxwell W. Day: <A remark was made about the desirability 
of having the dynamo plant independent of the propelling 
machinery. This has just been illustrated in a recent naval 
battle, where the steam pipe of one of the German destroyers 
was shot in two, and the boat was seen to be enveloped in a 
cloud of steam, but frequent puffs of the gun were seen through 
it. Of course this was not an electrically operated gun, being 
only 34 inches, but it showed that the battery could be continued 
in action after the propelling machinery is out of order. It 
seems to me that one of the best ways to promote the indepen- 
dence of the dynamo plant is to bring into more extensive use 
oil-engine-driven sets. 

Naval Constructor Linnard spoke of the way of taking care 
of the anchor windlass in weighing the anchor, where the engine 
simply would slow down and stop. An ordinary control equip- 
ment of electric motors would naturally blow the circuit breaker. 
As mentioned in Mr. Hornor’s paper, a step-back relay is pro- 
vided, which will open some of the secondary connections of the 
accelerating contactors, and reinsert a certain amount of resis- 
tance in the armature circuit. This will allow the armature to 
receive about 13 times full-load current, or, of course, it can be 
adjusted for any other desired value. This was tested on the 
Rivadavia by setting the brake on the wildcat and screwing 1t 
down until it became sufficient to trip this step-back relay, 
when the motor stopped, and the current amounted to about 
25 per cent overload. 

Mr. Hibbard asked if we determined our recommendation 
for contactors solely on the horse power. It is primarily on 
current capacity, which would be also according to horse power, 
assuming voltage unchanged, and we have felt that in very large 
sizes frequent operation of the contactors successfully is 
quite a serious problem, and therefore we recommend the vari- 
able-voltage system for large units; but with only 150 h.p., 
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and where 220 volts is used, as here, it brings it within the class 
of moderate-sized equipments. , 

Mention has been made of the disk brake on the steering gear 
motor, shown in Fig. 16. This brake is quite small, because we 
depend principally on the dynamic brake itself to stop the arma- 
ture, or begin the stopping of it. The disk brake, which is 
a little slower in action, finishes the work, and holds the armature 
in a state of rest. 

In regard to the material for switchboard and control panels, 
what is used for this purpose is ebony asbestos wood, called by 
some, asbestos lumber impregnated. It takes a fine polish, 
has very much the appearance of slate, and is preferable, I think, 
to what ordinarily goes by the name of asbestos lumber. 

L.C. Porter: The chief difficulty in making 220-volt tungsten 
lamps is with the arcing. Where the leading-in wires come 
out of the stem, the current is apt to jump across. Considerable 
improvement has been made in this respect since the first lamps 
were put out, but at present the 220-volt lamps are not so free 
from arcs as the 110-volt, though the percentage of arcs is rela- 
tively small. Another difficulty encountered with the 220-volt 
lamp is what we call “locking ” of the filaments. This consists 
of the filaments jarring together and short-circuiting a section, 
thus considerably shortening the life of the lamp. 

The efficiency of the 220-volt lamp is also somewhat lower 
than that of the corresponding 110-volt lamp. For example, 
the 25-watt 110-volt lamp operates at 1.05 watts per candle; 
while the 25-watt 220-volt lamp operates at 1.2 watts per candle. 

There are two types of filament construction used in the 
220-volt lamps. In the regular pear-shaped bulb, with which 
you are all familiar, we use simply a straight wire filament. 
That filament is shaped on a form before it is placed in the lamp. 
It is also mounted on flexible anchors, which make the lamp 
mechanically just as strong as the 110-volt lamp. In the round 
bulb, and in the tubular bulb, in order to get the filament in 
the small bulb, we have to wind the filament into a helix and 
then mount it, which again lowers the efficiency of the lamp by 
cooling the filament at the anchors. In these lamps 1.06 watts 
per candle is the lowest specific consumption that we are able to 
obtain. Life tests on the 220-volt lamps of 25-, 40- or 60-watt 
sizes, under laboratory conditions, have shown that we obtain 
2000 hours’ life out of the straight filament and from 1200 to 1800 
out of the coiled filament. 

The tests which we have made on the lamps at the laboratory 
consist of vibration tests and bumper tests. The bumper test 
is made in this manner: We have an inclined board, at the end 
of which a lamp is hung on a piece of lamp cord. The board 
1s graduated in inches and a round ball, weighing 110 grams, is 
tolled down this board, which has an elevation of 11} deg. 
The ball is allowed to bump against the lamps, both cold and 
burning. Of course, lamps when burning are not quite so brittle 
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as when cold, because the filament is softer when it is hot. 
Often with the lamps burning we can roll this ball from 40 to 
60 in. against the lamp before the filament breaks, and that is 
just as far as we are able to roll it with the 110-volt lamps. 
In other words, the filament is mechanically as strong as the 
110-volt lamp filament. 

The vibration test is made upon a wheel with arms on it 
(similar to the spokes of a wheel), and the lamps are mounted 
at the ends of the arms. There is a series of cogs over which 
these arms pass. This wheel is revolved over the cogs at various 
speeds, with a little spring under each arm to pull it down, giving 
it a very severe vibration; in fact, we can get almost any vibra- 
tion that we want. On that wheel I have seen as severe a vi- 
bration as is obtained on battleships under operating conditions. 
I have been aboard some of the ships during target practise, full- 
power run and a few other severe trials, and feel that in this test 
we give the lamps just as severe treatment as they obtain on the 
ships in actual service. However, as I stated before, the trouble 
is not mechanical breakage, but locking of the filaments, which 
shortens the life. 

It seems to me, therefore, that if there is a decided call for 
the 220-volt lamps, there need be no hesitation in installing them 
on the ships. Of course, it is a harder lamp to make, is more 
expensive, and is not made in such large quantities as the 110- 
volt lamps. For these reasons, from the lamp manufacturer’s 
standpoint, we should prefer to furnish the 110-volt lamp, be- 
cause it is a lamp with which we have had a great deal of ex- 
perience. We have not had the 220-volt lamps under service 
conditions in any great numbers, and before being absolutely 
sure that they will be satisfactory, the most I can say is that we 
would suggest that, if possible, the same arrangement be made 
as was made with the 110-volt lamps; namely, that about 2000 
lamps be put on a ship and tested in service. This, it seems to 
me, is the only sure trial which will absolutely prove the merit 
of the 220-volt lamp. ah 

H. A. Hornor: I should like to explain an evident misinter- 
pretation of the last paragraph of my paper. The various appli- 
cations therein referred to constituted departures from American 
practise at the time the contract for the Moreno was signed, 
Many of these applications were in an experimental stage at 
that time, and during the five years of construction of the 
Moreno naturally these applications have become requirements. 
As an illustration of this, the United States battleships Arkansas 
and Wyoming were not equipped with electric bilge pumps, 
electric steering gear, and electric anchor windlass; whereas the 
United States battleships Texas and New York were equipped 
with electric steering and electric bilge pumps but not electric 
anchor windlass. The later United States battleships are 
to be equipped with all these outfits. I did not intend my re- 
marks to convey the impression that I was comparing previous 
foreign war vessels built in this country. 
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The horse power of the electric anchor windlass on the Moreno 
is a little less than 4 the horse power required of the steam 
equipment. It is to be noted that one anchor was raised in 
about 60 fathoms of water by this equipment using about 35 
horse power after the anchor had “ broken away.” 

I believe that there are many advantages in the use of 230 
volts for such installations. I have heard it stated that some 
nations were considering the advisability of increasing the voltage 
to 500. If proper insulation is provided and all questions of 
detail carefully looked after, I see no reason why 230 volts should 
give any more trouble than the present 125-volt system. In 
this connection I was glad to hear the remarks on the compara- 
tive merits of the 220-volt tungsten lamp. On the ground of 
simplicity of installation, the use of this voltage would be pre- 
ferable to the complications that would ensue from a system 
of double voltages. In view of the fact that the power load is 
now by far the greatest in point of importance it would seem 
preferable to design the installation so as to satisfy this demand 
first. The searchlights could very well be taken care of by rotary 
balancer sets in order to do away with the difficulties involved 
in large permanent rheostats. Such apparatus when tested on 
the Moreno gave unqualified satisfaction. 


Presented at the 300th meeting of the American 
Institute of Electrical Engineers, Philadelphia, 
Pa., October 12, 1914. 
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ELECTRICAL FEATURES OF THE U. S. RECLAMATION 
SERVICE 


BY F. H. NEWELL 


ABSTRACT OF PAPER 


The operations of the U. S. Reclamation Service are of interest 
to electrical engineers not only in some of the novel developments 
and applications of power but also as illustrating the efforts of 
the federal government in the construction of works of general 
public utility. 

One of the most interesting features is the question of cost 
of government work, much of which in this case is executed under 
pioneer conditions. These costs are carefully recorded and in- 
clude all of the overhead or general expenses. These costs 
show that during 1913, for the various plants there was a range 
from 0.68 cent per kelvin or kw-hr. up to 2.873 cents. The 
power not needed for construction purposes or for operating 
irrigation works is being sold at rates of 1.5 cents per kw-hr., 
and for excess power as low as 0.5 cent, up to 2 cents or over. 
For heating the rate charged per month from June 1 to Sep- 
tember 1 per device per 1000 watts is $1.50. 

The experience obtained is illustrating the fact that it is 
practicable for the government to build and operate plants of 
this kind and sell the power at cost, in connection with other 
enterprises and with general satisfaction to the consumer. 

The power plants will be paid for without profit or interest 
and the operations transferred as soon as practicable to the 
communities benefited by them. 


lice electrical engineer as a professional man finds much 

of interest in the works executed by the United States 
Reclamation Service and in the plans under consideration for 
further enterprises. Electrical development and transmission 
enter largely, not only into the construction, but also into the 
operation of the works for the irrigation of arid lands, which 
are being built under the terms of the act of June 17, 1902. 
This act sets aside the proceeds from the disposal of public 
lands in the western arid and semi-arid states, for the purpose 
of survey, construction, operation, and maintenance of works 
for the storage and distribution of water for irrigation and 
reclamation of arid lands. 

Aside from his purely professional interest, the electrical 
engineer, as a citizen, is concerned in all of these matters which 
have to do with the upbuilding of the United States, the utiliza- 
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tion of its natural resources, and the increase of the prosperity 
and happiness of the commonwealth. Both of these phases, 
that of interest to the professional man and to the citizen, are 
briefly discussed in the following paragraphs, the attempt being 
made to describe in a concise way the works which have been 
or are being built and to give the relationship of these to the 
larger economic or political problems of the country. 

Object. The main purpose in the development of electric energy 
by the Reclamation Service is the production of cheap power 
for raising underground water to the surface or surface waters 
to lands which are too high to be reached by the ordinary 
gravity method throughout. There are other uses, however, 
to which this energy can be economically applied. Taking 
these in the sequence of events they may be summed up as 
follows: ; 

1. Transportation. This includes the building and operation 
of works for transporting material to be used in construction. 

2. Construction. This embraces all electrical devices em- 
ployed in the handling of materials, in lighting the works and 
in facilitating: other operations. 

3. Pumping. As previously stated, this is the most important 
use of the electric energy which is developed in the course of 
the work of the Reclamation Service. 

4. Commercial. An important outgrowth of the above is 
the disposal of excess electric energy developed largely in con- . 
nection with pumping, but sold for lighting or industrial pur- 
poses, proceeds being used to assist in defraying the cost of the 
pumping of water for agricultural purposes. 

Methods. The methods of development of electrical energy 
and the character of machinery employed are largely those of 
the usual commercial practise, the attempt being made to keep 
well in the lead. In some cases, notable advances have been 
made over customary methods. As might be inferred, the 
largest amount of energy is developed by the use of water power. 
In other words, hydroelectric planning and construction form 
the principal feature of this class of engineering works. There 
are, however, a number of relatively small plants in which the 
energy is derived from the consumption of fuel either utilized 
in the production of steam or in the more direct use of oil or gas 
in the ordinary engines developed for this purpose. 

Costs. In all of this work undertaken by the Reclamation 
Service, not only in connection with electrical development and 
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use, but also in its other operations, careful records are main- 
tained of the actual cost of the various items. Quite frequently 
in statements of cost prepared by other bureaus of the govern- 
ment, the matter of overhead charges has been neglected or 
many items which are properly to be considered in this connec- 
tion are not entered because they are carried on regular appro- 
priations. These neglected items usually consist of salaries of 
permanent officials whose time is largely devoted to the particular 
work in hand but is not charged to it. For this reason, the 
costs prepared by the Reclamation Service give, perhaps, a 
more accurate conception of actual and necessary expenditures 
than those usually obtainable from records kept by government 
bureaus. 

Without entering into an elaborate discussion of these costs, 
it may be said that they range, in general, from a few mills, or 
even less, per kilowatt-hour for power developed in large quanti- 
ties by hydroelectric plants, up to afew cents per kilowatt-hour 
as developed by steam plants. 

The costs for 1913 are shown in the following table: 


PowER PLANTS OPERATED BY RECLAMATION SERVICE IN 1913. 


An- 
nual 
Ca- | load Cost in 
Reclamation Power pacity |factor, | Output in | cents per 
project plant Location Type kw. per kw-hr. kw-hr.-(a) 
cent 
Salt-River..... Three Hydro- 
plants Arizona electric 8,560 | 12.7 | 9,518,570 0.810 
BES Sodqobuce Boise Boise R. 
Idaho ss 1,875 | 43.2 | 7,082,123 0.268 
Minidoka ..... Minidoka Snake R. 
Idaho LS 7,000 | 46.1 |28,265,287 0.126 
Truckee-Carson|Lahontan Lahontan 
Nevada s 1,250 8.5 930,360 1.118 
Rio Grande....| Elephant} Elephant} Steam 
Butte Butte Dam|turbine 
New Mex. |elec. 1,875 | 12.6 | 2,065,840 2.873 
No. Dakota Williston] Near Wil- 
Pumping...... liston N.D. be 1,150 | 11.4 | 1,145,337 2.614 
Strawberry Val- 
deYirerase ree Spanish Near Sp. Hydro- 
Fork Fork, Utah ‘elec. 850’ 11.6 861,705 2.572(b) 


(a) These costs are at power plant switchboards and include in addition to all main- 
tenance and operating expenses, general expense and plant depreciation. 
(b) Includes heavy canal expense. j 


For purposes of comparison with the above statements of 
cost, it may be said that it is a popular belief that the cost of 
manufacturing electric power at Niagara Falls is about 0.2 cent 
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per kilowatt-hour, and that for power development in blocks 
of say 5000 kilowatts and upward, it is more economical to 
erect a modern steam power plant at Buffalo than it is to trans- 
mit this energy from Niagara Falls at a cost at Buffalo of say 
23 mills per kilowatt-hour. In other words, the modern economy 
of the steam engine and generator is such that when fuel is 
cheap, current can be manufactured on the ground and utilized 
without transformation more economically than it can be trans- 
formed and transmitted over a considerable distance. The 
cheapest hydroelectric power reported is in the South, stated 
at 0.1 cent per kilowatt-hour, or about $6 per h.p. per year. 

On the Minidoka Project of the Reclamation Service, the 
cost of producing power at the plant switchboard is seen from 
the above table to be about 1} mills. The surplus power over 
that needed for irrigation pumping on this project is sold as 
a by-product. For this purpose the Reclamation Service con- 
tracts with a local company or distributor, protecting the ulti- 
mate consumer by provisions in the contract limiting the maxi- 
mum rates chargeable by the distributor. These rates are shown 
in the table on the following page. ; 

Fallacies. In developing hydroelectric power for irrigation 
pumping, it has been necessary to meet many popular fallacies 
concerning the cheapness of water power. It is generally as- 
sumed that because the water is flowing more or less continu- 
ously throughout the year, making possible a large amount of 
power, that therefore, the power itself must necessarily be cheap. 
Little consideration is given to the large first cost of installation, 
of development of the power, to the interest on the investment 
and particularly to the depreciation. 

Few people outside of the profession of electrical engineering 
understand that the utilization of the natural water power is 
accompanied by heavy expense, notably in fixed charges for 
interest and depreciation, and that these may far exceed the 
more obvious costs of a steam plant. Obsolescence also must 
be considered, especially in waterwheel development. Great 
improvements have been made along that line, so important 
that no up-to-date power plant manager can ignore taking ad- 
vantage of them. While in purely electrical apparatus obsoles- 
cence is becoming less and less of a large factor, if the plant is 
properly designed, yet it must be considered. The heavy item 
and one not usually appreciated is, as above stated, the interest, 
depreciation and other fixed charges inseparable from a large 
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capital investment. It is not an uncommon thing for a unit 
of hydroelectric power generation transmission and transforma- 
tion at the substation to run into $250 to $300 per kw., while 
a steam plant in large sizes may not exceed $45 to $60, or at the 
most $75 per kw. On the other hand, the depreciation of a 


IpAHO—MINIDOKA PROJECT. 
Electric Power for Commercial Use. 
(Contracts Nos. 322, 323 & 326 and supplemental contracts.) 


Monthly Rates. 
To distributor To consumer 
Per incandescent light of 15 watts..... $0.03|For 20incandescent, 15 watts ..... $1.50 
: 5c, each additional light 
Per incandescent light of 15-60 watts... 0.10/For 5incandescent, 15-60 watts.... 1.50 
; 25 c. each additional light 
Per incandescent light over 60 watts... 0.10/Perlight over 60 watts, for each 60 
for each 60 watts or frac. VAGUS TOF WTAC. ete ogee eran Ae en tenons, 0.25 
Per arc light, 700 watts to 10 p.m...... 1.50}Per arc, 700 wattsto10p.m........ 2.50 
Per arc light, 700 watts all night....... 2250] ee ee allenigiit.s. eters ners 4.00 
Heating Rates. 
Per device, Sept. 1—Junel........... $0.50|Per device 1000 watts Sept.1-Junel $1.00 
Per device per 1000 watts Per device per 1000 watts 
une ——Septedsnaa.ce acs ne dete > os PeSOW ejumeti—=—Sepite U5 ser cusess re es ale re 2.50 
Flat-Iron Rates 
Perfiat-iron 700 watts:.. 52.5. 0..65 54. $0.25|Per flat-iron 700 watts............. $0.50 
Metered light and appliance rates, per kw-hr. 
First 2500 kw-hr. in mo...............$0.027| First 25 kw-hr.inmo..... ree OROE: 
For 2,500-5,000 kw-hr.in mo......... 0.025)For 25-50 kw-hr.inmo............ 0.064 
ROT D-O00SL OOOO eee ee ee aera 0.023 For 50-100 “ Sel) BS bE actives. eee 0.06 
In excess of 10,000 “ ey ee OnOZTMiniexcess.of LOOP Soo Or ii fects wa 0.054 
Power Rates, per kw-hr. 
Birst 2/000 kwehr.insmo... 20. .5-.--- FOFOL birst 1O0scwebr.inimos. 65... $0.05 
Hane 2, 000-13; 000KGO) tee erence). eens 0.007 |For 100-200 (dO) iikiestaecees OFO4 
ones OO0s) O:O00 saute warns nee ts ORO055i" < 200-500 PN ee Mer oe 5 Ie 0.03 
a 500-1000 WSS Latdiemeansee 0.015 
Moro OO0=1 0; 000M o Ber. oneness ats 0.0053} “ 1000-2000 OEE. ters eae O08 
“a 2000-5000 wine orariee 0.007 
Bom 0 000-25, 000-9 atinchienei amare orice 0.0051} “ 5000-50000 ee OROOGS 
“50000-75000 ES NE) Hee Bhat 0.0060 
In excess of 25,000 “ ..............0.0050} “ 75000-100000 eee eR rhe 0.0057 
Inexcessof 100000 “ ........... 0.0055 


steam plant and repairs of the same are much in excess of the 
hydroelectric system as a whole, but this does not modify the 
fact that it is often cheaper to build steam plants to meet load 
conditions rather than to furnish it by hydroelectric power. 
This, as above stated, it is difficult to bring to public comprehen- 
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sion, namely, that electric power developed from water power is 
sometimes more expensive than the equivalent amount of power 
developed, when needed, by economically operated steam or 
gas engines, 

One of the popular misapprehensions which has given rise to 
considerable disappointment to the settlers on government 
projects is the lack of appreciation of the fact that electric 
energy after being developed must be raised to high voltage for 
long distance transmission and again transformed before dis- 
tributing to the consumer and that such transforming apparatus 
is quite expensive. 

The farmer, seeing a high-tension line skirting his farm, can- 
not readily be made to understand why he cannot purchase a 
small amount of electricity for use on his farm or in his house. 
It is necessary to explain to him that the difference is almost 
as great as would be in a case where he might argue that because 
a tree grows on his land, he should be able to get his tables and 
chairs at relatively small cost! The transformation of a tree 
into a chair may be as difficult as the transformation of the 
high-tension electricity into a form such that he can safely use 
it around his house or barn. 

There has also been an exaggeration in the minds of the 
people in the communities on some of the government projects 
of the importance to them of the power plants which have been 
built in connection with the pumping and related work. They 
seem to think that these are an asset which they can utilize for 
more or less speculative purposes and that the earnings of these 
power plants will notably reduce the cost of the irrigation 
works and possibly save the water users from any expenditure. 
They have an exaggerated idea of the earning power of these 
works, not appreciating that many of them can be operated 
only during the irrigation season, and that electric power de- 
veloped under these circumstances has small commercial value. 
They have heard of the great earnings of the water power mon- 
opolies and picture to themselves the advantages of securing a 
monopoly of this kind which they can handle to their own im- 
mediate profit, forgetting that the manufacture and sale of 
electricity developed by water power is a highly specialized 
business, like the manufacture of any other commodity, and 
one which is not always financially successful, and then only 
because handled by men of exceptional ability. 

Uses. Asabove stated, many of the uses for electric power 
developed by the Reclamation Service are those in connection 
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with transportation of materials and construction of works. 
There is not much of novelty to be considered in this connec- 
tion, as the devices employed are usually standard in design. 
They consist of light electric railroads, such as are needed in 
construction of tunnels and in similar work, and apparatus for 
the operation of cement plants, cableways, hoists, excavating 
machinery, etc., lighting plants being, of course, an important 
adjunct. 

Pumping, however, forms the great and principal use of the 
electric power development and there were installed 9235 h.p. 
in permanent pumping plants used in 1913, in addition to 
numerous small drainage installations, semi-portable and inter- 
mittently used. The cost, including all overhead charges and 
depreciation, has been estimated to average about one cent per 
acre-foot raised one foot, ranging from 0.3 cent per acre-foot 
at Minidoka, upward. That is to say, an amount of water cover- 
ing an acre one foot in depth, or 43,560 cubic feet, can be raised 
to a height of 50 feet for fifty cents. 

In comparison with this, water raised by the ordinary small 
steam or gasoline pumping plant built by associations of farmers 
throughout the arid regions is probably costing from 7 to 10 
cents per acre-foot raised one foot, including, as above stated, 
interest and depreciation. With better and more economical 
devices for raising larger quantities the cost may be cut down 
to five cents, or even, under exceptional conditions, as low as 
three cents, while those of the government works, as above stated, 
may run as low as at Minikoda in 1913 when it averaged 0.346 
cent. 

Sales. Sales of power for commercial and other purposes 
are made at varying rates, dependent mainly upon the cost of 
development. As a rule, the electric energy is sold by the 
government as nearly as possible at cost. The reason that the 
cost varies so widely is due primarily to the difference in con- 
ditions of development, and, secondarily, to the conditions 
attached to the sale, particularly as to the continuity of demand 
by the consumer. 

The ordinary price or what may be considered as a standard 
of the Reclamation Service for current for commercial purposes 
in large lots is about 1.5 cents per kw-hr. Under extraordinary 
conditions where excess power is sold whenever developed and 
is used as an auxiliary for steam power, the price has been as 
low as 0.75 cent per kw-hr. or even 0.5 cent. 


1616 NEWELL: U. S. RECLAMATION SERVICE {Oct. 12 


In one case in Utah the Reclamation Service is selling at 
0.8 cent per kw-hr., with a guaranteed minimum charge of 
$225 per calendar month. While this is a comparatively low 
rate, itis not as low as the minimum rate given the Reclamation 
Service in purchasing power in Montana, where a company has 
built:a considerable amount of transmission lines in order to secure 
the business of the Reclamation Service in the construction of 
the Sun River project. 

The essential feature in these extraordinary low prices is that 
the Reclamation Service is selling surplus power and that there 
are two unusual clauses relieving the United States from obliga- 
tion to furnish power in case it should become inconvenient to 
do so, as follows: 


“The United States shall have the right and privilege to 
shut down its power plant and cease serving electric energy at 
any time in order to make necessary repairs or additions to 
transmission lines, canals, or machinery.” 


Also it is stated that “in case of the shortage of power due to 
lack of water, or if the demand for power for construction 
purposes causes the furnishing of power to the city to impede 
the progress of construction work on the project, the United 
States reserves the right and privilege to cut off the power until 
such time as it is possible to furnish power without impeding 
the progress of construction work.’ 

The rates charged for heating and similar purposes vary 
widely, as above noted, dependent upon there being an excess 
of energy during the winter season when water is not pumped 
for irrigation. Not being sold or disposed of for profit, the 
rates for sale approximate usually, as above stated, nearly the 
actual cost, these being so low in some cases as to compete with 
coal at $7 per ton in heating houses and in cooking. 


Power Development. The following figures give in concise 
form and in alphabetic order by states the power already de- 
veloped, together with the total proposed or possible power 
and the output. Following the tables there is also given a 
brief description of some of the more important power plants 
with their chief characteristics. The most notable of these 
is on the Salt River project in Arizona, the principal power 
plant being located at Roosevelt dam and the subsidiary power 
plants along the canals which are supplied with water largely 
from the reservoir created by this dam. 


SS teh pee te oo a ae ee: 


: Maximum Horse power 
Project. Name of Plant. head 
(feet) Prime- Totalt 


movers proposed 
installed jor possible 


ARIZONA: ; 
aOR ver a. nein Genre Roosevelt (a) 226 8,640 15,640 
ie MS = iin 8 ee oneht eke So. Consolidated (b) 30 2,800 2,800 
LN ae Be Bers Ares ae Arizona Falls (c) 18 1,450 1,450 
aE EE. se mos Crosscut (d) 117 6,000 6,000 
ARIZONA-CAL.: 
Wim awe neers ae eeoneter Drop in Cal. Canal 9 1,000 
SE A eicdascke nth metal tence Araz 25 7,700 
CALIFORNIA: 
Orlandtpa scissor ciets.es 27 483 
COLORADO: 
GranduVialley sc ccjcnc «1 Main Canal 44 3,600 
Uncompahgre........ 10,000 
IDAHO: 
OES Crarsyerer sive orere: eres Boise Dam (e) 30 2,550 2,550 
wie Bret te 4. thei wince Arrowrock Dam 230 17,000 
ME ea ni als} eiicse s Drops in canals 20-90 4,800 
Minidoka. wisecc+ ss Minidoka Dam (f) 50 10,000 20,000 
KANSAS: 
Garden’City oi ..6 6.0. Deerfield (steam) (g) 700 700 
MONTANA: 
Miathead.. were da eawes Flathead River 60 360,000 
LN OR OD Oe CS OIG Revais Creek 1000 26,000 
East Le yaateisrers cle ievstoteters Main Canal drop (h) 34 286 600 
Montana, N. D.: | 
Lower Yellowstone .../Lateral K. K. drop | 290 
NEVADA: 
Truckee-Carson...... Lahontan ( ) 120 1,800 6,000 
o Td Bae 26-foot drop 26 2,000 
New Mexico-Texas: 
RIO Grande cu. sees Elephant Butte (steam) (j) 2,000 2,000 
Sh hg tdats hetereis “ «  (hydroelec) 10,000 
NortuH Dakota: 
INGD Pumping, ie... Williston (steam) (k) 1,550 1,550 
OREGON: ; 
Kelamaat Dyers cite ace siat «he Various sites 22-88 9,700 
OSI ATS evehe, chee, rat » Drainage outfall 28 145 
UTAH: 
Strawberry Valley....|Spanish Fork (1) | 125 1,600 3,500 
WASHINGTON: 
NEM ator ohcogowwoobr 
Sunnyside Unit ....|Drops in canals 20-88 1,800 
ieton: (Wmitoosc «s 3,250 
\iereekton Shabir (oa a do 9,000 
Okanogan: as. ces 00) Drop No. 1 (m) 105 250 
Oe GaSaaouaneoae sf (n) | 56 300 
eid 6 CORPO MOND Salmon Creek | 441 2,800 
39,376 532,908 


*Power may be developed on other projects, but data not completed. 

+Turbine capacity. 

(a) Three 1680-h.p. and two 1800-h.p. turbines; five 1060-kw. generators. 

(b) Two 1400-h.p. turbines direct connected; two 1000-kw. generators. 

(c) Two 725 h.p. turbines direct connected; two 525-kw. generators. 

(d) Six 1000-h.p. vertical tangential wheels; six 875-kw. generators. 

(e) Three 850-h. p. turbines, direct connected; three 625-kw. generators. 

(f) Five 2000-h. p. turbines, direct connected to five 1400-kw. generators. 

(g) Two 350-h. p. steam turbines and two 225-kw. generators. 

(h) Two vertical turbines, direct connected to two 20-inch centrifugal pumps, capacity 
28 second-feet. 

(i) Two 900-h. p. turbines direct connected to two 625-kw. generators. 

(j) Three 625-kw. steam turbine units. 

(k) Two 300-kw. and one 500-kw. steam turbine units. 

(1) Two horizontal 800-h. p. turbines and two 500-kw. generators. 

(m) One 250-h. p. turbine; one 187-kw. generator. 

(n) 300-h. p. turbine; one 187-kw. generator. 
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Other interesting developments are those in southern Idaho; 
the larger on Snake River near Minidoka, and the smaller on 
Boise River near the city of Boise. On several of the other 
projects, power plants have been constructed or are projected, 
notably in New Mexico at the large dam being built on the Rio 
Grande and in Utah on the Strawberry Valley project. In the 
State of Washington a number of small plants are under con- 
struction in connection with pumping extensions of the Yakima 
and Okanogan projects. 

At each of the large storage dams, built by the Reclamation 
Service, there are opportunities for intermittent power, some 
of which will undoubtedly be utilized after this country has 
developed to a higher degree and markets are established. 

The following extract from material for the forthcoming 13th 
Annual Report of the Reclamation Service gives in summarized 
form the capacity, output and construction costs for each of 
’ the more important power plants of the Service. 


POWER PrLantT Data. 


Output kw-hr. 
Capacity kw. 


Project Cost Used by 
Name of —_ Reclama- 
plant Safe Sold tionService 
Rated | observed 
ARIZONA, 
Salt River... .|Roosevelt 5300 6000 | *$642,654.23 ) 9,336,802} 2,932,230 
South 
Consolidated 2000 2000 162,123.05 t 
Arizona Falls 1050 1000 109,500.73} | 
Crosscut t 5250 incomplete J 
IDAHO 
Minidoka ....]Minidoka 7000 7420 433,887.21] 7,342,963] 19,511,603 
Boise's c..s08.6 Boise 1875 2400 168,446.05) 2,529,422) 4,937,031 
NEVADA, 
Truckee- 
Carson.....|Lahontan 1250 1450 85,437.63 219,544] 2,110,127 
UTAH, 
Strawberry, Spanish 
Valley ..... Fork 1000 1000 55,531.71 687,780 156,674 
New Mexico, 
Rio Grande.. .|Elephant 
Butte (steam) 1875 1875 136,491.83 14,825) 3,275,285 
N. DaKoTa . 
Williston, ....|Williston 
(steam) 1150 1550 228,699.39 436,300 559,003 
Totals.n 22500 24695 |$2,022,771.83] 20,567,636] 33,841,953 


*Exclusive of power canal and diversion dam $1,500,459.01. To the cost of this power 
plant will be added $83,000 to cover a 5000-kw. unit now being purchased, making a total 
cost of $725,654.23, and a total rated capacityof 10,300 kw. 

tT Not included in totals. 


ia 
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Arizona, Salt River Project. The power plants built in con- 
nection with the construction of the large Roosevelt dam and 
at several drops along the canals which distribute the water 
which has been stored behind the dam are among the most 
important built by the Reclamation Service. They illustrate 
the development of this somewhat peculiar type, the operation 
of which is necessarily made subsidiary or secondary to the use 
of water for irrigation. Here, however, where water is used 
throughout the year in irrigation the conditions to be met are 
less severe than those in Idaho, where the water is only used 
during the summer months. 

*“The government has built the Roosevelt dam in the 
canyon of Salt River, 78 miles above Phoenix, to store over a 
million acre-feet of water for irrigation in the valley below. 
The dam is 280 feet high, affording a high head for a hydro- 
electric power plant. A plant was built below the dam to take 
advantage of this opportunity to furnish power for pumping 
_underground water to irrigate additional land beyond the 
capacity of the gravity water supply. A 10-foot penstock 
through the dam operates machines under a variable head as 
the water is drawn out of the reservoir. 

“The system also includes a power canal of 225 second-feet 
capacity and 19 miles long around the reservoir, making it possi- 
ble to get the full head of the dam with the normal flow of the 
stream at all times. The power canal was built before the dam 
to furnish power for the construction of the dam itself, so that 
part of the original cost of the canal really belongs to the dam. 
The power house at present contains five machines capable of 
delivering about 5000 kilowatts, and it is intended to install a 
large machine this year that will bring the total output up to 
about 10,000 kilowatts. In the valley, the farmers have as- 
sessed themselves for money to build three other power plants 
in places where there is fall in the canal system, having a total 
capacity of 8000 kilowatts. When the plants now under way 
are completed the power system will represent an outlay of 
approximately $3,500,000, including the cost of the power canal. 
All of these plants are connected by a distributing system consist- 
ing mainly of 168 miles of steel tower, 45,000-volt transmission 
line and about 40 miles of 10,000-volt distributing line. The 

*Abstract of article on the Salt River Valley power situation prepared 
by Mr. Wm. F. Cone and printed in the Reclamation Record for May, 
1914. : 
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surplus power over that required for irrigation is sold and the 
receipts go to reduce the cost of the project as charged against 
the land irrigated. 

“ Substations at Phoenix, Chandler, Glendale, Sacaton and 
Miami are distributing current for various uses. At Phoenix, 
all the lighting and electric power in the vicinity is supplied by 
the Government and is used for lighting the city, operating 
the street railway, ice plants, alfalfa mills and a cement mill. 
At Chandler, the power is used almost altogether for pumping. 
At Glendale, the Government supplies power for lighting the 
city of Glendale, operates several motors for different purposes 
and also takes care of a large pumping section just outside the 
project in what is known as the Marionette district. At Sacaton, 
power is furnished the Indian reservation for 10 irrigation pump- 
ing plants, for domestic water supply, and for lights at the 
Agency and School. At Miami the Inspiration Consolidated 
Copper Company is now putting in a large mill for handling 
low grade copper ore. This mill covers eight acres of land, 
all under one roof. The company will also operate a smelter, 
the mine machinery, hoists, lighting systems, compressors, 
and other devices by means of power from the Government 
system. 

“In addition to the above-mentioned uses, the farmers in 
one section of the valley are now planning to put in a distri- 
buting system of their own, covering about 40 sections of land 
and bringing the power to their homes for pumping domestic 
water and doing general work around the farms, such as light- 
ing and cooking.” 

Idaho, Boise Project. In connection with the construction of 
the Arrowrock dam, said to be the highest in the world, a power 
plant has been built on Boise River about 18 miles below the 
site, power being transmitted to the dam for use in construction. 
After the dam is built there will probably be installed at the 
reservoir itself a power plant capable of developing about 5000 
h.p., which will be used in connection with the power plant now 
constructed at the lower point on the Boise River for supply- 
ing power for pumping water for irrigation and for commercial 
purposes. 

Idaho, Minidoka Project.* This is one of the largest and most 
interesting developments of hydroelectric power made by the 


ee EE ee ee 
*See detailed statement by Barry Dibble in Journal of Electricity, 
Power, and Gas, July 11, 1914. 
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Reclamation Service. The power house is at a dam which was 
constructed across Snake River for the purpose of diverting 
water by gravity to 70,000 acres. This dam has a maximum 
height of 86 feet and a length of 937 feet. In addition there 
is a concrete spillway about half a mile in length on which the 
water can be controlled by flashboards, thus adding needed 
storage. The drainage area above this diversion dam is 22,600 
square miles. The normal floods occur in June and usually 
reach a peak of some 30,000 to 40,000 second-feet. In low- 
water stage, which follows soon after in July and August, the 
river drops to 2000 second-feet, although from 2500 to 3000 
is a usual minimum. ; 

At all times water must pass this dam, as there are prior 
water rights to the amount of 3400 second-feet, so that all of 
the flow up to this amount during the irrigation season must 
be passed for the use of the lands below if needed by them. 
This has necessitated the development of storage on the head- 
waters of Snake River in Wyoming, about 300 miles above 
the Minidoka dam. This storage is created at Jackson Lake 
in Wyoming, where by building a low dam an available capacity 
of 380,000 acre-feet has been obtained, this being in addition 
to the 53,500 acre-feet which can be held in Lake Walcott 
immediately above the Minidoka dam and power house. 

On the north side of the river, water is diverted by gravity 
to irrigate about 70,000 acres of land. On the south side, the 
water diverted by the dam is used mainly to supply lands which 
lie above the gravity supply and to which the water must be 
lifted by pumping, utilizing for this purpose the power developed 
at the dam through the use of the water which must be passed 
down the river for the lands farther down the stream. 

The power is developed under a head of 46 feet and the plant 
consists of five principal units each having a capacity of 2000 
h.p. in the water turbine. These turbines drive electric genera- 
tors which have a normal capacity of 1200 kw. each and which 
under a high head have delivered as much as 1600 kw. each. 

The storage lake immediately above the dam, known as Lake 
Walcott, covers 10,000 acres, and is used in summer time as an 
auxiliary storage in which the water can be raised five feet above 
the spillway crest of the dam by means of flashboards. When 
the lake is thus raised additional head is made available at the 
power house to increase the capacity of the plant. Water is 
taken from the lake to the turbines through 10-ft. penstocks, 
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each of which carries approximately 500 cu. ft. per second, when 
operating at full capacity. 

Electric energy is generated at 2200 volts, carried by cables 
through fiber conduits to air-cooled transformers, which raise 
voltage to 33,000 volts for transmission. 

All the wiring and switching beyond the transformers is in 
duplicate, and all the way through the greatest precautions are 
taken to prevent any accident. The variation of load on the 
power house is extreme, the greatest demand being during the 
heat of the summer when water is needed for irrigation. Great 
fluctuations are caused by occasional rains which lessen the ir- 
rigation demand. : 

‘During 1913, the output of the station reached 28,265,287 
kw-hr., with an observed peak of 7420 kw., making the annual 
load factor nearly 40 per cent. The annual cost of operation 
and maintenance amounted to practically $16,000, or less than 
0.07 cent per kw-hr., independent of fixed charges. Including 
fixed charges, general expense and depreciation, cost in 1913 
was 0.126 cent per kw-hr. 

From the power house, two transmission lines extend over the 
project, crossing the river and uniting so as to form a loop over 
which the current can be supplied. There are about 62 miles of 
30,000-volt lines and over 20 miles of 2200-volt lines, supple- 
mented by distribution systems in the towns and owned directly 
by settlers. The annual cost of operating and maintaining the 
high-tension lines is about $40 per mile. 

The pumping stations which supply water to approximately 
48,000 acres of land are the largest which have been built for 
irrigation purposes. It is believed that the pumping stations 
for the city of New Orleans which are used in the case of severe 
rainstorms to remove the storm water from the sewers of the 
city, are the only pumping stations in the United States which 
have a larger capacity than those on the Minidoka project. 
The station buildings, which are of concrete, contain transformers 
for lowering the voltage from 30,000 to 2200, and also house the 
motors and pumps. 

There are ten pumps which were originally of 125 second-feet 
capacity, each driven by a 600-h.p. motor, and two 75-second- 
foot pumps driven by 360-h.p. motors. At each station the lift 
is approximately 30 ft., so that the lift of the third canal is 
nearly 90 ft. above the gravity supply. 

;. Approximately 127,000 acre-feet of water were pumped during 
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the season of 19138, and of this, 17 per cent were used on the 30-ft. 
level, 36 per cent on the 60-ft. level and 47 per cent, or nearly 
one-half, on the 90-ft. level.: 

The average lift for the season was 68.3 ft. The power required 
was nearly 16,000,000 kw-hr. with a peak of 6550 kw., corres- 
ponding to a load factor of 27.7 per cent. The cost of operating 
and maintaining the three stations was $13,000, exclusive of 
the fixed charge and of the cost of power, or a trifle more than 
10 cents per acre lifted the average height. The cost of opera- 
tion and maintenance of the canal system amounts to an ad- 
ditional 75 cents per acre. 

There has been very heavy demand on the pumping stations 
for a week or ten days in the middle of the summer and at this 
time all of the machinery has been pushed to its fullest capacity. 
Efforts are being made, however, to arrange by rotation of 
delivery of water to spread the demand over a longer period 
without hardship to the farmers and avoid the excessive demands 
for the very short period. 

During the winter of 1913-14, alterations have been made in 
the runners of several of the large pumps and recent tests indicate 
that the changes will increase the capacity from 125 to 165 
second-feet and improve the efficiency of the pumps from 72. 
per cent to over 80 per cent. 

North Dakota, Williston Pumping Plant. This plant, although 
relatively small in size, is of peculiar interest because of the fact 
that the government owns and operates the coal mines which 
supply the fuel, this being dug immediately adjacent to the 
power house, and the coal carried immediately from the mine 
through crushers into the hoppers which supply the furnaces. 
Burned there, the steam generated is used in turbines, which in 
turn convert the energy into electric power, which is transmitted 
from the power house down to the Mississippi River, is carried 
out onto barges which contain pumps which in turn lift the water 
from the river to settling basins on the land, from which it can 
flow by gravity back to the power house, be there picked up by 
suitable pumps, raising it about 30 ft., from which level it flows 
to the lands to be irrigated. 

In addition to the power which is used during the summer to 
pump water for irrigation, there has been provided an all-the- 
year-round load by making arrangements with the City of Willis- 
ton for sale of power for lighting the city and for other purposes. 
It has been found that a government bureau is not the ideal 
form of organization to handle economically the retailing of 
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electrical power to small consumers. Therefore, the policy 
has been adopted of aiding the farmers and local people to form 
mutual companies to build their own lines to connect with the 
government system, install their own house transformers, and 
handle the retailing of the power. 

Conclusion. In what has been stated above, sufficient de- 
tail has been given to illustrate the general character and extent 
of the works being built by the government through the Rec- 
lamation Service and to indicate the policy which up to the 
present time has been found advantageous. A certain amount 
of experience has been acquired in this class of development 
work and the demonstration made that it is possible for the 
government to build and operate works at a cost comparable 
to the outlay by ordinary corporations. The results, therefore, 
have peculiar interest to the citizens of the country as showing 
what may be done and also the difficulties to be avoided in 
governmental operations of this kind where the question of 
profit and interest on the investment is not considered, but 
rather the general benefit in upbuilding a community under 
pioneer conditions. When these communities are upon their 
feet, it is the intent of the law that all of these works be turned 
over to the landowners and be maintained by them at their own 
expense, under such regulations as may be desirable at the time. 
It is to be noted that these landowners are to pay for the actual 
cost of the work in annual installments which, under the terms 
of the act of August 13, 1914, have been extended from 10 years 
to 20 years, without interest on the deferred payments. 

The employes of the Government engaged in the construction 
and operation of these works at all times stand ready to assist 
the small subsidiary companies or organizations of farmers 
and water users to build their own lines, to make repairs, and 
in fact to aid them in every way possible, usually taking the 
initiative in urging the farmers to find new uses for power. 
So that ultimately, when the hydroelectric works or big power 
plants are turned over to the organizations of farmers they will 
have had experience adequate to operate them through the 
employment of competent electricians. At present the rural 
lines cannot be considered a profitable investment from a power 
company’s standpoint. However, they enhance the value of 
the farms which are reached by the lines and the material sav- 
ing to the farmers which comes from use of electricity makes 
the investment a good one from the farmers’ standpoint. 
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DISCUSSION ON “ ELECTRICAL FEATURES OF THE UNITED STATES 
RECLAMATION SERVICE” (NEWELL), PHILADELPHIA, Pa., 
OcTOBER 12, 1914. 


Paul Spencer: Upon hearing the paper read, I was struck 
with the advantages of having someone supply you with money 
without interest charges, and being able to make contracts on 
which you could shut off power whenever you did not have it, 
or did not wish to supply it. Under those circumstances, I 
can understand that you might be able to sell your surplus 
electricity at the price stated. The low rates can only be con- 
sidered as due to those extremely peculiar conditions. 

Ralph W. Pope: It is not quite true that the cost of installa- 
tion is given to the owners of the land, or that they do not pay 
the cost. That is all figured out, and included in the price 
that they pay for the land, and it is expected that the installa- 
tion will be paid for by the consumers in the course of twenty 
years. As to the low rate, there is absolutely no use for 
the power in winter. The intent of the irrigation plant is to 
supply water for irrigation, and no pumping is required during 
those months when the low rate is given. It is simply a question 
of competing with coal, for heating, and this is possible where 
coal is $7 a ton. 

I had occasion to inquire about this matter of taking up 
land, and the replies I got were conflicting. One question that 
I asked a man, was whether they found men who were willing 
to take up these small tracts and pay the price, whether or not 
they were farmers who were accustomed to operating small 
farms. He said that was one of the difficulties that they had 
to contend with, that they did not find people ready to take 
up the land under those conditions. Another man that I met 
further on, said that where he was, they had had no difficulty 
of that kind, that there was no trouble at all in finding people 
who were willing to settle under those conditions. So, there 
you have the two statements, probably one coming from one 
part of the country, and the other from another part. 

It is certainly a very interesting subject, and since I have 
learned more about irrigation, I realize that it might have been 
used in our eastern States to great advantage, and we would 
have less growling about a drought, such as exists now in many 
parts, if farmers had utilized the water which is available for such 
purpose. Of course, this is not always the case, because we do 
not have the snow-capped mountains in the East to furnish water 
through the action of the sun, so that the conditions are some- 
what different. 

J. E. Kershner: I was looking over the table on page 16115 
and, a little contrary to a previous speaker, I cannot say that 
I was struck with the cheapness of the power, except, perhaps, 
in two instances—0.268 cent and 0.126 cent per kw-hr. If 
you except those two cases, we can buy wholesale power cheaper 
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than any of the other figures, from Pennsylvania water power 
companies. j . 

P. M. Lincoln: The extremely low rate for heating, given 
in the table on page 1613, is possible simply because during the 
winter time they have no other use for the power, and the only 
market for their power is for heating purposes. The load fac- 
tots are given on page 1611. Those prices apply for the load 
factors actually given. You will notice that where the load 
factors are high, the prices are low, and where the load factors 
are low, the prices are high. 

H. A. Hornor: There is one fallacy spoken of in the paper 
that we all know very well, but it seems to me that it is import- 
ant from the standpoint that the public does not seem to under- 
stand it. I refer to the question of transformer losses. I have 
heard it stated by an engineer of one of the most efficient central 
stations in the eastern part of our country, that the coal con- 
sumption on Sunday about equalled the normal daily coal 
consumption during the week, due simply to transformer losses. 
I think the public fails to appreciate that the central station has 
to carry a transformer load in order to supply its customers 
with reliable power. 

Vladimir Karapetoff: Mr. Newell in his paper does not 
claim to bring out anything new from an engineering point of 
view. On the contrary, he emphasizes the fact that the con- 
struction used is standard as much as possible. Nor is the 
paper remarkable for the size of the plants or the hydraulic 
head used. We have a great many plants in comparison with 
which the plants he describes are mere dwarfs. But the paper 
is of great interest because it gives examples of successful hydro- 
electric work done by our government. Those of us, who, like 
myself, are believers in government ownership and operation 
of public utilities, welcome a paper of this kind, because it fur- 
nishes us with valuable material for our argument. We have 
very little inkling of the successful engineering work done by 
the government. This afternoon we listened to an account of 
the highly successful work done by the Navy Department in 
cooperation with private concerns. I welcome Mr. Newell’s 
paper as showing that there is no reason why the government 
should not engage in a hydroelectric project and bring it to a 
successful end. 

There are just two points about which I would like to ask. 
On page 1611 the cost in cents per kw-hr. is given. Is it not 
rather misleading, to give the cost per kw-hr. in a hydroelectric 
station? The first plant, for instance, operates at an annual 
load factor of 12.7 per cent, and the cost in cents per kw-hr. 
is 0.81. The plant could furnish, say, five or six times that 
amount of power, with very slight increase of expense for ad- 
ditional personnel, and the cost in cents per kw-hr. would be, 
say, one-fifth of that given. In other words, it seems to me that 
the last column does not really give the cost, unless it is always 
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quoted in connection with the annual load factor. There ought 
to be some other basis for comparison. Of course, one basis 
is the cost of the original construction, per kilowatt capacity. 

Another point is this: Some years ago I was asked to in- 
vestigate into the possibility of certain electrochemical processes 
in this country that require cheap power, and particularly one 
of fixation of atmospheric nitrogen, a problem which appeals 
so much to our imagination. At that time I could not find 
any place where power could be purchased at a figure that 
would warrant such an installation. After reading these won- 
derful figures of cost, I should like to ask those who, like Dr. 
Hering, understand about electrochemical processes, if nitrogen 
fixation, or some other fertilizer process, could not be run in- 
termittently during the winter months in connection with one 
of these plants? 

Carl Hering: It seems to me that answers itself, provided 
such a process can be interrupted; in fact, at a recent meeting 
of another society, I cited that very case as one in which 
power could be “stored” more cheaply and better than it can 
be stored as water in reservoirs. I refer to those electrochemical 
plants which can be run when the water power exists, and can 
be shut off when it does not exist. In that way the product 
can be produced while the water is flowing, and can be sold at 
one’s leisure, which is in effect a process of storing the energy. 
There is no doubt that this can be done with some electrochemical 
processes, but not with all of them. 

In connection with what Prof. Kershner said, I notice at an- 
other place in the same table, on page 1611, that these costs 
are stated to be those at the switchboard, and not for power 
delivered to the premises. It is one thing to generate power, 
and another thing to transmit it and deliver it; the cost of trans- 
mission is sometimes great. One would have to run his own 
lines to the switchboard, to use the power at these rates. If 
the cost of distribution is added to the figures in the lower part 
of the table, the energy is by no means cheap. 

Mr. Bender: I would like to ask, also, in connection with 
those figures, if interest is included in those costs. That would 
be another item to be taken into account. 

P. M. Lincoln: I am not sure of that, but I think interest 
is included, but at a very low rate, a rate at which the govern- 
ment can borrow money. 

H. Goodwin, Jr.: Mention has been made of the use of water 
for irrigation in the orange orchards in Southern California, 
and it might be of interest to try to get a little nearer to the 
point of view of the men operating those orange groves. Two 
years ago I was at Santa Paula, about 100 miles north of Los 
Angeles, at the oldest lemon grove in Southern California, which 
is now growing many oranges, too. They own the water rights 
of a small stream which supplies sufficient water for irrigation 
all through the irrigation season. The grade at which the 
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water reaches the grove is the highest of the level section, but 
above that are many acres on a steep hill which were used only 
for hay. (Their hay is a mixture of barley and oats, and not 
our timothy and clover). There was so much money in oranges 
that they were considering putting about 50 acres of this land 
into oranges. To do that they would have to pump water to 
the top (by electric power, of course). 

At the rate they receive for such purposes it was found that 
it would cost them $18 a day for pumping water up over this 
hill of 50 acres. That was no hindrance at all to them. They 
went right ahead with the proposition. Eighteen dollars a day 
is nothing at all to them. But if you tell a farmer here in the 
east to spend $18 a day for pumping water over his land, so 
as to double his output, he will tell you you are crazy. 

There is another interesting point about the way they use 
the power. One very large item of expense of which Mr. 
Hornor has spoken is transformer expense. They avoid this 
by using 2400 volts just as we would use 110 volts here. All 
the pumps are 2400 volts. They run the overhead lines on 
ordinary D.G. glass insulators, come into a little shack through 
porcelain tubes, erect some current transformers and a meter, 
put a couple of knobs on the ceiling, and drop down to the motor 
in the center of the floor. This wiring does not cost them much 
over $20 or $25, which is a decidedly different proposition from 
our transformer installation, and other work we have to do in 
this section. Yet I could not find any case of death by elec- 
trocution of any of the men working around these groves. 

The point of view of the Southern Californian is so different 
from our own in regard to spending money on farms, that it 
should be of interest to us to look at things occasionally from 
that viewpoint. 

F. H. Newell (by letter): The above discussion indicates that 
the object of this paper has been correctly understood and 
that it is necessary only to answer one or two questions. 

With reference to the taking up the reclaimed land, there 
has been relatively little difficulty or delay in this, as the public 
lands are practically given away under condition that the cost 
of bringing water to these lands, including the expenditures for 
the hydroelectric power plants and other accessories, is repaid 
by the land owner within 20 years. The time for repayment 
was originally set at 10 years, but by Act of Congress of August 
13, 1914, it was extended without interest to 20 years. Thus 
the land owners are called upon to pay an average of only 5 
per cent on the principal, not interest, for 20 years and then 
all payments cease, except for operation and maintenance. 
The amount paid, however, during the first few years is less 
than 5 per cent, but during the later years of the 20-year period 
is as high as 7 per cent, being adjusted so as to make complete 
payment of construction cost within the 20-year period. 

In regard to the cost of lands which have passed into private 
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ownership, the prices set on these have been high, but the in- 
flation has practically ceased, and lands irrigated by the govern- 
ment are now being held at more moderate prices than in the 
past few years. The difficulty has not been so much that of 
disposing of the land as in getting it utilized to the best ad- 
vantage after it has passed into the hands of homestead entry- 
men or purchasers. The lack of capital and high interest 
charged on borrowed money has delayed development, but with 
the gradual growth of the country and increase of small in- 
dustries made possible by cheap power, there is a steady im- 
provement in agricultural conditions. 

One of the striking needs, as pointed out in the above discussion, 
is that of some method of storing this cheap power, one which 
may possibly be brought about by electrochemical processes. 
Here is a field for invention which it is hoped will be entered 
upon at an early date. 

The experience which is being acquired in construction, 
operation and maintenance by the government of works of this 
character cannot fail to be of value, particularly at the present 
time when there is general agitation for enlargement of govern- 
mental functions. This paper will have fulfilled its purpose if 
it has attracted attention to some of the opportunities and 
limitations of such governmental undertakings. 
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THE CORONA PRODUCED BY CONTINUOUS 
POTENTIALS 


BY STANLEY P. FARWELL 


ABSTRACT OF PAPER 


This paper deals with an experimental investigation of the 
corona around small wires as produced by continuous potentials 
up to 15,000 volts. The continuous potentials were obtained 
from a series of 500-volt generators. 

The wire and coaxial cylinder method was employed for a num- 
ber of experiments. Critical voltages and characteristic poten- 
tial difference and current curves were obtained for different sized 
wires. The effect of lowering the pressure in the cylinder upon 
appearance of corona, critical voltage, and current, was studied. 
It was found that the appearance of the corona depended upon 
the polarity of the wire; positive polarity gave continuous glow, 
while discontinuous beaded appearance characterized the nega- 
tive corona, the number of beads being a function of the pressure 
and the potential difference for a given size wire. A short arc 
in series affected the nature of the discharge by superimposing a 
high-frequency current upon the direct current. Characteristic 
curves were taken to show the effect of varying pressure, Mots- 
ture and temperature. An increase of pressure inside the 
closed cylinder was produced by the application of a potential 
difference greater than the critical value; this increase is due to 
ionization. ‘ 

Corona in the case of parallel wires was studied by taking 
characteristic curves and exploring the field. Field exploration 
showed anode fall of potential greater than cathode. _ Corona ac- 
companied by mechanical effects on wires: deflection on both 
wires and circular vibration of positive wire. 


Tue DrrEct-CURRENT CORONA 


N alternating-current transmission lines at very high volt- 
| ages a loss occurs by dissipation of power into the air. 
This is accompanied by luminosity of the air surrounding the 
conductors, and to this glow the name ‘‘corona’”’ has been 
given. Loss begins at some critical voltage, depending on the 
size and spacing of the conductors, etc., and increases very 
rapidly above this voltage. This corona effect is of considerable 
importance, as it involves a power loss of some magnitude on 
long lines, and it has been studied by Steinmetz, Scott, Ryan, 


’ Mershon, Jona, Peek, Whitehead and others. 


The corresponding direct-current case, although not of such 
immediate importance, is yet of considerable interest 1n view 
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of the high-tension direct-current developments on the conti- 
nent of Europe. The only work of much importance along this 
line has been done by Watson! and Schaffers.2 Watson has 
carried out a number of tests of wires strung axially along a 
cylindrical tube and also on two parallel wires out-of-doors. 
The wires used were of various diameters between 0.70 mm. 
and 12.76 mm. The source of power was an influence machine 
of special design and large output which would give any potential 
required up to 70,000 volts. 

The electric stress at the surface of a wire subjected to elec- 
tric potential is as follows: 
Wire in cylinder: 


Rages 
a log. — 
Two parallel wires: 
Rae tttas Satta | ge ) 
d d 
2s log, a 


where V = potential difference between wires, or between 
wire and cylinder, 
a = radius of wire, 
d = distance apart of wires, 
b = radius of cylinder. 


I 


Of these formulas, the first is exact, while the second is only ap- 
proximate, but is very nearly correct for all ordinary cases where 
a is small compared to d, and the wires are well above the earth. 

The value Rox in the above formulas is called by some 
writers the ‘“‘critical surface intensity’ and is extensively used 
in expressing the results of tests. It has been well established 
by Watson, Whitehead and others that this critical surface 
intensity increases very greatly as the radius of the wire de- 
creases. A comparison made by Whitehead of his results for 
this intensity in the case of alternating potentials with the 
similar values deduced by Watson for continuous potentials, 
shows that for a given size of wire it requires the same voltage 
to produce corona in both cases, if the maximum value of the 
alternating potential be used. 


1. Watson, Electrician, London, Vol. 63, 1909, p. 828; Vol. 64, 1909-10, 
pp. 707 and 776. 
2. Schaffers, Comptes Rendus, July 1913, p. 203. 
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For the case of a wire in a cylinder Watson found some differ- 
ences between the case when the wire was positive to the cylin- 
der and when it was negative to it, these differences occurring 
both in the appearance of the corona and in the measurements 
relating to it. 

The article by Schafiers referred to above, gives the results 
of a study of the ionization in cylindrical fields, using wires of 
various diameters ranging from 0.0006 cm. to 0.70 cm. in tubes 
ranging from 0.70 cm. to 11.7 cm. in diameter. He says nothing 
of the source of potential used or of the appearance of the 
coronas. He finds that for the larger size wires the positive 
corona appears at a lower voltage than the negative and that 
for the smaller sizes, the reverse is true, the radius 0.01 cm. 
separating these two regions. Another conclusion reached by 
this investigator is that the nature of the material of the wire 
is without effect upon the coronal voltage, at least if the wires 
are not very fine. 

When this investigation was undertaken, there was no physical 
theory advanced which explained the phenomena observed. 
During the progress of this work, however, two theories were 
published, one by Bergen Davis (Trans. A.I.E.E., this volume, 
part 1, p. 589) the other by J. E. Townsend (Phil. Mag., May, 
1914,) which try to explain the phenomena by ionization through 
collision. Both theories neglect the influence of light and a 
number of phenomena that have been discovered in the present 
investigation. : 

In view of the scarcity of certain data as to the corona at 
continuous potentials, the object of the work described in this 
paper has been to extend our experimental knowledge in this 
direction. 

DETAILS OF EXPERIMENTAL APPARATUS 

The source of the continuous potentials employed was a 
battery of small continuous-current generators connected in 
series. There were thirty of these, each rated as follows: 
Amperes, 0.5; watts, 250; speed 1700; volts, 500; shunt-wound. 
The potential available, then, was 15,000 volts when the ma- 
chines were run at normal voltage. 

These generators were arranged in two sets, one of twenty 
machines and the other of ten. The generators were self- 
excited and could be put into service by closing a small knife- 
switch in each field circuit. Voltage control was obtained in 
this manner and by controlling the speed of the set by field 
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control of the driving motor. A fine adjustment of voltage 
was obtained by means of a rheostat in the field circuit of one 
of the generators. The series connection between the ma- 
chines was permanent. 

The diagram of connections in Fig. 1 is self-explanatory. 
The apparatus labeled ‘Short Arc’’ consists of an air gap 
between the head of a tack and a copper wire. This spark 
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Fic. 1—DIAGRAM OF CONNECTIONS 


gap could be cut out of the circuit by closing a shunt around 
it. Special care was taken in setting up the apparatus to thor- 
oughly insulate it from the ground, except that the negative 
terminal of the generating apparatus was grounded, in order 
to minimize the danger from shock. 

The voltage between the busbars and hence, with sufficient 
accuracy, the difference of potential impressed upon the corona 


wiccemayve > 
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apparatus, was measured by means of electrostatic voltmeters. 
For the lower ranges an instrument was employed having a 
range of 3500 volts and accurate to within one per cent. 
This conclusion was reached by comparing its indications with 
those obtained by adding the voltages of the machines used, as 
given by a 750-volt direct-current portable voltmeter which had 
been carefully calibrated. 

For the measurements of the higher differences of potential 
a vertical type Kelvin electrostatic voltmeter was used. This 
instrument had three ranges, of 5000, 10,000, and 20,000 volts, 
which could be secured by hanging the proper weights from 
a lug at the bottom of the needle. Only the 10,000 and 20,000 
ranges were used. The lower part of the 10,000 range was 
calibrated by the same method as for the lower range voltmeter, 
as well as by measuring the voltages indicated by the portable 
voltmeter when a high resistance was inserted in series with it. 
This high resistance was made of a U-tube containing alcohol 
into which two platinum wires dipped. This resistance was 
kept from heating by immersing it in a mixture of ice and water. 
Under these conditions the resistance was very constant for 
the small currents used. 

The higher ranges of this voltmeter were calibrated by refer- 
ence to an attracted disk electrometer. This instrument had 
a disk 5.5 cm. in diameter. The aperture of the guard-ring was 
5.9 cm. in diameter and the outside diameter of the guard ring 
was 16.0 cm. A separation of 1.5 cm. was used between the 
disk and the lower plate. 

Due to the non-uniformity of the field at the edge of the 
disk, an edge correction must be applied to the indications of 
the electrometer. This edge correction is treated by Maxwell 
in Vol. 1 of his ‘Electricity and Magnetism’’ and the con- 
clusions reached are briefly as follows: 


Let 

R = radius of disk 

R’ = radius of aperture 

D = distance between plates 

A = effective area of disk 

a = 0.220635 (R’—R) 

W = wt. in grams to balance. 
Then 


y= DV stet 
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where 


Anon [x +R? (R2=R) 2 | 


Using the numerical constants of the instrument as given 
above, there results: 
0.044 
25.474 sq. cm. 


l| 


a 
A 


We may write V = k VW, where k is the constant 


oi 


Then k = 13,992.3. By a similar series of operations we find 
that for plates 1 cm. apart, k = 9357.6. 

By use of the value 2 = 14,000, which is nearly enough 
correct, the values of W to balance for different voltages were 
calculated, and a test run to determine how closely these values 
checked with the actual weights required for a balance when 
the voltages indicated by the electrostatic voltmeter were 
impressed. A consideration of these figures with due regard 
to the accuracy of the determinations led to the final calibration. 

D’Arsonval galvanometers were used to measure the dis- 
charge currents obtained with the various pieces of corona 
apparatus. Most of the characteristic curves were taken with 
a very sensitive galvanometer which had a small coil, a resist- 
ance with connecting wires of 326.0 ohms, and was practically 
dead-beat. For the later moisture and pressure determina- 
tions which extended over some days, a less sensitive instru- 
ment was used. This had a heavier coil, a resistance with 
connecting wires of 849.5 ohms and a period of six seconds. 
Its figure of merit was about five times that of the first instru- 
ment. 

The figure of merit of these galvanometers was determined 
from time to time, using accurate resistances of high value 
and as a source of e.m.f. either a dry cell or a standard cell. 
In the case of the dry cell, its e.m.f. was determined from the 
indications of an accurate laboratory standard voltmeter. 
An Ayrton universal shunt was used in connection with the 


galvanometer. This shunt box had five coils connected be- 
tween contact points. 
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PRELIMINARY EXPERIMENTS 


When this work was first undertaken, it was not apparent 
from the limited literature of the subject what one might expect 
in the way of coronal phenomena which might be produced 
by potentials up to the total voltage of the generating sets, 
namely 15,000 volts. No glow could be obtained between 
flat plates; only an arc. Then an investigation was begun 
to find out what kind of terminals would have corona produced 
between them by the comparatively low voltage available. 

A brass rod, 0.637 mm. in diameter, was located axially 
along a tube 4.45 cm. in diameter and the full voltage of the 
sets was impressed. No effect was visible. Then provision 
was made for exhausting the tube, and at about one-quarter 
atmosphere a discharge took place. This took the form of 
brilliant radial purple arcs terminating in bright blue “‘stars’’ 
on the walls of the tube. These arcs were in constant motion 
around the wire and along the tube and reminded one of a pin- 
wheel. A fairly large size wire was substituted for the rod and 
still no corona could be obtained at atmospheric pressure. 

Recourse was next had to large influence machines. It was 
known that the silent discharge between points was of the same 
nature as the corona between wires and it was reasoned that 
if the e.m.f. of an influence machine were impressed between 
small parallel wires, a discharge would take place between them. 
Two bare No. 40 wires were stretched parallel to one another 
and a few centimeters apart, and a silent discharge was found 
to take place between them. The appearance of the discharge 
was at once seen to depend upon the polarity. The discharge 
was discontinuous, small brushes on the negative wire corres- 
ponding to sections of uniform glow on the positive wire. The 
brushes were in a more or less constant movement back and 
forth along a short path, but they appeared to be more or less 
evenly spaced along the. wires. It was also noticed that the 
wires vibrated and that the negative wire bowed in toward 
the positive, which bowed away from the negative. It was as 
though a wind were blowing across the wires. 

Another experiment was tried with a No. 40 wire above a 
sheet of tinfoil. With this arrangement and wire positive, a 
continuous glow appeared along the wire, while when the wire 
was negative the discontinuous brush discharge appeared again. 
Vibrations were also noticed with this apparatus. 

A mandolin steel “EZ” string, 0.24 mm. in diameter, was 
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strung along the axis of a brass tube of about 3 cm. diameter 
and the wire and tube were connected to opposite polarities 
of the influence machine. If the wire was positive, a continuous 
bluish glow. of markedly uniform appearance appeared along 
the wire. When the wire was negative, the discharge was in 
constant movement and seemed to consist of countless purple 
streamers or brushes. There seemed to be no appearance of 
regularity of spacing of isolated brushes. 

When these tests were run it was noticed that the main dis- 
charge knobs on the machine could be moved together until 
they almost touched before a spark would pass. This indicated 
that the difference of potential between the parallel wires, 
for example, could not be very high, not over 10,000 volts per- 
haps. This fact suggested that similar discharges with small 
wires should be produced by the continuous potentials from the 
generating sets. So the experiments were carried out again 
and it was found that the same effects were produced by the 
generators. 

The crude tube apparatus was fastened to a board by means 
of nails driven into the wood and bearing against the wall of 
the tube. Connection was made to the tube by wrapping a 
wire around one of these wires. This wire became loose and 
separated 0.01 inch or so from the tube. The consequence was 
that a short arc was established between the wire and the tube. 
The presence of the arc caused a marked difference in the char- 
acter of the positive discharge. With a potential difference 
of about 8000 volts and the wire positive to the tube, a very 
active discharge took place between the wire and tube. The 
whole tube appeared filled with a bluish glow particularly bril- 
liant around the wire, where an uneven effect was apparent, 
resembling a brush discharge. The discharge was unstable 
and variations in the arc produced marked variations on the 
discharge. After the bluish glow had continued for some 
minutes, the nature of the discharge became suddenly different. 
Purple arcs appeared, of much the same nature as those men- 
tioned above in connection with the discharge from a rod at 
low pressure. After a while the discharge would resume its 
former character and then the process would repeat. The arc 
between the nail and tube appeared bluer while the whirligig 
discharge was going on. A small wire was slipped in to bridge 
the gap between nail and tube and then the discharge became 
merely a faint blue glow of a uniform nature, apparent only in 


ti 


1914] FARWELL: DIRECT-CURRENT CORONA 1639 


the immediate vicinity of the wire. With the gap closed, 
the wire negative, an entirely different discharge took place. 
Small purple brush-like discharges were clustered irregularly 
along and around the wire and these held their positions fairly 
constant. When the arc was again introduced, the discharge 
appeared somewhat dimmer, although keeping its nature about 
the same, as far as could be seen by looking from the end of the 
tube. 


CHARACTERISTIC CURVES AT ATMOSPHERIC PRESSURE 


In order to study the influence of diameter of wire upon 
critical voltage and discharge current, a number of different 
sizes of bare wire ranging from No. 40 to No. 10, copper, were 
obtained from the manufacturers and an apparatus was con- 
structed in which the tests could be carried out. This apparatus 
consists essentially of a brass tube 4.45 cm. in internal diameter, 
well insulated from its support and provided with means for 
accurately and tightly stretching a wire along its axis. The 
tube was provided with a small branch tube through which 
the air could be exhausted. The centering of the wire was 
accomplished by passing it over hard-rubber bridges in which 
there were notches axially located with respect to the tube and 
stretching it tightly by means of a mandolin tension-head. 
In order to limit definitely the length of the wire from which 
a discharge could take place, glass plates were sealed to the 
ends of the tube and the wire passed through holes in them 
about 3 mm. in diameter. For most of the characteristic volt- 
age-current curves, the exhaust tube and the holes in the plates 
were left open and the air in the tube had the same constitution 
as that in the room, at least at the beginning of the test. 

In order to make sure that no current would flow through 
the apparatus except that through the air, a small wire was 
arranged so that the tube was in the same condition as for a 
test except that none of the wire extended inside of the cylinder. 
Then differences of potential were applied up to 10,000 volts 
and the currents measured. It was found that even at the 
highest voltage the current was insignificant. 

For the first wires tested, a start was made at a low voltage 
and the currents taken by small increments on the way up. 
It was soon found that the current flowing was negligible until 
the voltage approached that necessary for a visible glow, and 
therefore later tests were started at a voltage somewhere near 
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the critical voltage. For each voltage the deflection of the gal- 
vanometer was read for both polarities of the wire. 

When the wire was positive and the voltage neared that 
necessary to cause a visible glow, a very marked jump of the 
deflection would occur and a further increase of the voltage 
caused the current to increase very rapidly. The voltage at 
which ‘this sudden increase of the deflection took place was 
called the “‘critical voltage.’’ ‘Visible glow’? was taken to 
mean the first appearance of light in the case of the wire positive. 
This glow appeared suddenly for all but the smallest wires, 
in which case the dimness of the glow made it hard to tell just 
where the limit of visibility was. 
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Tube 4.45 cm. diameter, 25 cm. long; temperature 26.7 deg. cent.; relative humidity 
45.3 per cent; barometric pressure 736.48 mm. 


As has been noted, the presence of dirt or dust particles on 
the wire, when negative, has a marked effect upon the discharge. 
Often a spot or two on the wire would glow long before the 
wire as a whole was luminous. Due to this fact there is no 
definite critical voltage as in the case of the positive polarity, 
for the initial jump of the deflection is much a matter of chance. 
But as the voltage is increased, there occurs a critical voltage 
at which a flickering glow can be seen along the wire preliminary 
to the spreading of the discharge from a few spots over the 
whole wire. This phenomenon occurs at a defini 
for a given size wire and it is this volta 
tables under “visible glow’’ for the nega 


te voltage 
ge which is given in the 
tive polarity. 
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Readings of wet and dry bulb thermometers and an aneroid 
barometer were taken for each test and the per cent relative 
humidity was calculated. The barometer was checked from 
time to time by reference to a very accurate mercurial ba- 
rometer. 

The silver wire used in these tests was really silver wire with 
a platinum core, known as ‘‘Wollaston” wire. This wire was 
used both in its original state, diameter 0.0517 mm., and with 
some of the silver dissolved off, giving wires of average diameter 
0.027 and 0.037 mm. 

The tungsten wire was of the sort used in 25-watt lamps. 
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Fic. 3—CwHaracteristic: No. 40 B. &. S. CoprpeR WIRE, 0.077 MM. 


DIAMETER 


Tube 4.45 cm. diameter, 25 cm. long; temperature 25 deg. cent.; relative humidity 
41.6 per cent; barometric pressure 745.3 mm. 


The diameters of the very small wires were obtained by the 
use of a microscope fitted with a stage ruled with parallel lines. 


VARIATION OF CRITICAL VOLTAGE AND GLow VOLTAGE 


Tables I and II give data on critical voltages and the voltages 
required to produce continuous visible glow for wires of dia- 
meters ranging from 0.027 mm. up to 1.28 mm., and are plotted 
in Fig. 2. Similar tables for Figs. 3, 4 and 5 are omitted. A 
study of these data showed the following facts: 

a. For the smaller sizes, the critical voltage is considerably 
lower than the glow voltage, showing that quite a current exists 


before a luminous discharge occurs. This applies for wire 


positive. " 
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TABLE I 
Silver Wire—Diameter 0.027 mm. 
Temperature 26.6 deg. cent. 


Relative Humidity 54.4 percent. 
Barometric Pressure 741.55 mm. 


+ ea 

Critical 

Voltaces: so 32 2100 1880 

Visible 

ilo wietua jer eee 2720 2520 

Potential Galv. defl. in mm. Shunt factor Current in 10+ amp. 
Difference ee (hs an = ve PZ 
1750 pha 1-2 1.0 te 0.000032 0.000035 
2100 25.0 60.0 1.0 1.0 0.00072 0.00173 
2500 66.7 50.7 1 11.09 0.00192 0.0162 
2800 137.0 101.0 IAG 11.09 0.00394 0.0322 
3000 18.2 147.0 11.09 11.09 0.0058 0.0469 
3200 33.0 21.1 11.09 110.9 0.0105 0.0674 
3500 101.0 36.7 11.09 110.9 0.0322 0.117 
3860 30.9 69.0 110.9 110.9 0.0986 0.220 
4350 66.2 122.8 110.9 110.9 0.212 0.392 
4920 114.8 18.4 110.9 1109 0.335 0.588 
5950 23.9 Solos 1109 1109 0.763 1.12 
7000 39.4 56.7 1109 1109 1.26 1L.8ti 
8000, 60.7 87.5 1109 1109 1.94 2.80 
9100 82.0 113.0 1109 1109 2.62 3.61 
wire broke 


Wire rough: 0.027 is average of many readings. 
Figure of merit of galvanometer 2.88 X 10-9 amp. per mm. defl. 


TABLE II 


Silver Wire—Diameter 0.037 mm. 
Temperature 26.7 deg. cent. 
Relative Humidity 45.3 per cent. 
Barometric Pressure 736.48 mm. 


+ — 
Critical 
Voltagey... oF 3100 2200 
Visible 
IO We eee ee eS RO 3230 
st Galv. defl. in mm. Shunt factor. Current in 10-4 amp. 
AB <= a7 -* “5 ae 
2150 1.5 2.1 1.0 1.00 0.00004 0.00006 
3000 4.0 117.0 1.0 11.09 0.00011 0.0374 
| 3500 85.7 39.3 11.09 110.9 0.0274 0.126 
3650 i eae 53.3 11.09 110.9 0.0565 0.170 
3860 29.0 68.8 110.9 110.9 0.0926 0.220 
4350 68.8 127.7 110.9 110.9 0.220 0.407 
4920 114.3 172.7 110.9 110.9 0.365 0.551 
5950 242.0 34.4 110.9 1109 0.773 1.10 
| 7000 41.0 56.0 1109-1109 1.31 1.79 
| 8000 64.0 84.0 1109 1109 2.04 2.68 
9100 94.7 131.0 1109 1109 3.02 4.18 
10000 17 bane 21.0 1109 11090 3.88 Ong 
12075 23.0 58.7 11090 11090 7.35 18.8 
14000 ... Wire broke— arc. 


Figure of merit of galvanometer 2.88 < 10-9 amp. per mm, defi. 
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b. The smallest size for which there is no current for wire 
positive before glow appears is No. 36, diameter 0.136 mm. 

c. For sizes larger than No. 36, current and glow appear 
simultaneously, for wire positive. 

d. For wires from about No. 26 up, for the negative polarity, 
the current and the visible glow appear simultaneously, as a 
general rule. 

Fig. 6 gives curves showing the variation of the glow volt- 
ages with the radius of the wire. From these curves the follow- 
ing conclusions can be drawn: 
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Fic. 4—CHaracteristic: No. 36 B. & S. Copper WIRE, 0.135 MM. 
DIAMETER 


Tube 4.45 cm. diameter, 25 cm. long; temperature 25 deg. cent.; relative humidity 
45 per cent; barometric pressure 733.85 mm. 


e. For the smaller sizes, the negative glow appears before 


the positive. 
f. For the larger sizes the positive glow appears before the 


negative. 
g. The diameter 0.075 mm. is the boundary between these 


two regions. 

Schaffers has noted this crossing of the curves for the start- 
ing points of the positive and negative corona and he gives 
0.01 cm. radius as the boundary value between the two regions. 
He does not specify what he considered as the starting point 
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of the negative corona and therefore it is not practicable to 
compare his value with that given above. 


VARIATION IN THE NATURE OF CORONA 


During the tests for the characteristic curves a close watch 
was kept over the appearance of the corona, and there are 
given below some of the characteristic changes and phenomena 
which were noted. 

For the entire range of diameters there was very little change 
in the appearance of the positive corona, except for an increase 
in brightness with the voltage. It always presented a quiet, 
uniform, continuous, bluish glow. For high voltages the open- 
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Fra. 5—Cuaracteristic: No. 26 B. & S. Copper WirE, 0.41 mM. 
DIAMETER 


Tube 4.45 cm. diameter, 25 cm. long; temperature 26 deg. cent.; relative humidity 
29.2 per cent; barometric pressure 746.86 mm, 


ing and closing of the circuit was attended by a flash of bluish 
light in the tube and if care was not taken to perform these 
operations quickly, there was likelihood of an arc starting be- 
tween the wire and the tube, with the result that the wire, if 
it was small, was burned in two. 

There was considerable change, however, in the appearance 
of the negative corona with increase of diameter and voltage. 
The negative corona on small wires starts with a bright spot 
or two, followed by a mixture of bright spots and brushes as 
the voltage is increased. With still increasing voltage there 
is more of a continuous brush-like effect and the discharge be- 
comes quite purple. For the highest voltages the corona is 
brilliant, purple, continuous, and in constant movement. For 
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the smallest sizes, the negative corona is likely to take the form 
of a discharge consisting of isolated, more or less evenly spaced 
brushes. Marked regularity of spacing has often been observed. 
The discharge is noiseless for wires up to No. 26 (0.24 mm.), 
for which diameter a slight hissing appears. As the diameter 
increases, the hissing grows louder and the diameter of the 
corona increases. 

In the case of the larger size wires, it is the general rule for 
the continuous negative brush discharge to appear immediately 
when the critical voltage is reached. 

No flash at make or break of the circuit was observed when 
the wire was negative. 
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Fic. 6—DIFFERENCE OF POTENTIAL TO CAUSE CONTINUOUS GLOW, AS 
FUNCTION OF RADIUS OF; WIRE 
Tube 4.45 cm. diameter, 25 cm. long. 


DISCUSSION OF THE CHARACTERISTIC CURVES 

A critical comparison of the characteristic curves in Figs. 
2 to 5 brings out the following points: 

a. For a given voltage, the current increases with decrease 
of diameter of the wire, also with decreasing pressure. 

b. For wires smaller in diameter than No. 40 (0.077 mm.), 
the current for negative polarity of the wire is always greater 
than for positive polarity. 

c. In the case of No. 40 wire the currents for opposite polar- 
ities coincide very accurately for a small rise in voltage above 
the critical value, and then the negative current becomes and | 


remains the larger. 


1646 FARWELL: DIRECT-CURRENT CORONA [Nov. 13 


d. For sizes larger than No. 40, the curves for the two polar- 
ities cross. For the lower voltages the positive current is the 
greater, and vice versa for the higher voltages. 

e. The characteristic curves become more nearly parallel 
to the current axis as the diameters increase. 

Table III contains the critical and the glow voltage as functions 
of the radius of the wire, Table IV the glow voltage and the 
maximum electric intensity at the surface of the wire as function 
of the radius. While with increasing radius the glow voltage 
increases, the electric intensity E at the surface of the wire 
decreases. Fig. 6a shows this relation graphically. As has 
been found by previous investigators, this electric force E can 
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smallest wires, there are deviations from this formula, as we 
should expect, because the critical voltage and the glow volt- 
age differ from each other and as very probably there is a dis- 
tortion of the field due to ionization before the glow sets in as 
in the case of two parallel wires. For the positive wire we 
found a = 31.6 X 108; b = 8.47 X 103, for the negative wire 
a = 35.0 X 108; b = 8.06 X 103. 


INFLUENCE OF PRESSURE ON CORONAL CURRENT 
The effect of variation of pressure on the voltage to cause 
continuous glow was studied for a No. 26 wire by varying the 
pressure in the tube from 768 mm. down to 2 mm., and the 
results are given in Table V and shown by curves in Fig. 7. 
Below about 20 mm. pressure it was found impossible to get 
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a negative uniform glow. Instead of this there appeared a 
series of beads approximately equally spaced along the wire. 
It was found that measurements of the coronal current for 


TABLE III 


CriticAL DIFFERENCE OF POTENTIAL TO CAUSE CONTINUOUS GLOW, AS FUNCTION OF 


RADIUS OF WIRE. 


Radius in Critical Positive Critical Negative 
mm. Material voltage glow voltage glow. 
0.0135 Silver 2100 2720 1880 2520* 
0.0185 Silver 3100 3380 2200 3230* 
0.0230 Tungsten 3380 3500 2800 3300 
0.0258 Silver 3630 3500 
0.0386 No. 40 Copper 3980 4060 3860 4060 
0.0678 «36 Copper 5120 5140 4350 5320 
0.0825 “« 34 Copper 5710 6140 
0.120 Steel ‘‘ E ”’ String 6600 6600 6760 6840 
0.130 «30 Copper 7180 7180 7660 
0.205 « ~=626 Copper 8900 8900 9370 9370 
0.325 “22 Copper 9700 10880 11440 11440 
0.385 “20 Copper 11850 11850 12075 12400 
0,512 “« “18 Copper 13500 13500 14040 14120 
0.642 “ 16 Copper 14700 14700 15220 15220 
*These values uncertain on account of dimness of glow. 
TABLE IV 
| | 
| | E+volts E—volts | 
| R cm V-+volts. | per cm. E-+calcul. | V—volts. per cm. |E—calcul. 
0.00135 2720 Db Se ilo 2.62 2520 2.52 10° 2.55 
0.002185 3380 2.58 2.29 3230 2.45 2.23 
0.0023 3500 2525) 2.09 3300 2.08 2.04 
0.00258 3630 2.12 1.99 3500 2.02 1.94 
0.00386 4060 1.66 i NAL oy) 4060 1.66 1.65 
0.00678 5140 il goRe 1.34 5320 1.36 1.33 
0.00825 5710 1225 125 6140 PAL ira 
0.012 6600 1.07 1.09 6840 1.09 | 1.09 
0.013 7180 1.07 1.06 | 7660 1.14 1.06 
| 0.0205 8900 0.93 0.91 9370 0.99 0.92 
0.0325 10880 |: 0.80 0.79 11440 | 0.83 | 0.80 
| 0.0385 11850 0.77 0.75 | 12400 0.79 | 0.76 
| 0.0512 13500 0.71 0.69 | 14120 0.73 | 0.71 
| 0.0642 14700 | 0.65 0.65 15220 | 0.64 Is Oued 


the same wire gave different results on different days and it 
was considered advisable to find out the influence of pressure 
for a tange around atmospheric pressure in order that the 
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current readings for the different sizes of wire might be reduced 
to a 760-mm. basis. Therefore a series of characteristic curves 
was taken for different pressures with dry air in the tube to do 
away with any effect which might be due to the moisture in 
the air. Fig. 8 shows the results obtained. These curves 
show a marked increase in the current for a relatively small 
decrease in the pressure. The curves also show an unsym- 


metrical spacing, which suggests the presence of some disturbing 
factor. 


ei + 


[7212 HK, | 


7462 MM 
ais 


7682 MI 
“oe 


oO 


10-4 AMPERES 


ns 


a ell 
kal fp Unce tari I | eee 


aul nal lb 
100 200 300 400 500 000 700 800 9 f_4. 
0 2 4 © 8 100 120 140 S10 of <3 etme 
PRESSURE IN MM. OF MERCURY KILOVOLTS 


Fic. 7—GLow VoLTaGE As Func- Frc. 8—CHARACTERISTICS FOR 


TION OF PRESSURE IN TUBE 
No. 26 B. & S. copper wire, diameter 
0.41 mm.; tube 4.45 cm. diameter, 25 cm. 

long; dry air at 25 deg. cent. in tube. 


VARYING PRESSURE 


No. 26 B. & S. copper wire, diameter 
0.41 mm.; tube 4.45 cm. diameter, 25 cm. 
long; dry air at 25 deg. cent. in tube. 


In a number of preliminary experiments it was found that 
it was not possible to repeat observations if the tube was closed 
and the air not changed. In order to do away with any dis- 
turbing effects due to moisture in the air and possible changes 
in the constitution of the air in the tube, an arrangement was 
devised for supplying dry air which could be pumped through the 
tube out into the atmosphere. The air was dried by passing 
it through two wash-bottles containing concentrated sulphuric 
acid and then through a tube containing soda-lime. A No. 40 
Wire was strung in the tube and as the atmospheric pressure 
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varied from day to day, series of readings were taken as given 
in Table VII. The general decrease of current with increase of 
pressure is apparent. The readings for the extreme pressures 


TABLE V 


VARIATION OF CRITICAL VOLTAGE WITH PRESSURE. 
No. 26 B. & S. Copper Wire. Diameter 0.41 mm. Dry Air at 25 deg. cent. 


| 
Potential Difference for Continuous 
Pressure Glow 
in mm. 
+ — 
2.0 720 *580 
10.9 940 *870 
18.9 1110 1200 
5a.2 1770 1920 
91.3 2350 2580 
173.5 3450 3750 
248.5 425) 4610 
334.8 5120 5520 
483.6 6660 7120 
616.6 7800 8330 
720.0 8730 9210 
746.0 8980 9530 
768.3 9100 9640 


No continuous glow obtainable—voltage is that of formation of beads. 


TABLE VI 
a 
p a in volts per) V— a E E 
| in mm, in volts. cm. X 104 average calculated 
| 2. 720 0.765 580 0.615 | 0.69 0.36 
| 10.9 940 0.998 870 0.925 | 0.96 0.85 
18.9 1110 i ales! 1200 1275 } 1.22 1.14 
53.2 1770 1.88 1920 2.04 1.96 2.01 
91.3 2350 2.50 2580 2.74 2.62 2.72 
173.5 3450 3.60 3750 3.99 | 3.79 3.97 
248.5 4250 4.51 4610 4.90 | 4.71 4.87 
334.8 5120 5.42 5520 5.86 5) A633 5.83 
483.6 6660 7.08 7120 Tf pO) | Toot 30) 
616.6 7800 8.29 8330 8.85 8.57 8.60 
| 720.0 8730 9.28 9210 9.80 9.54 9.21 
746.0 8980 9.51 9530 ilo) al | 9.80 9.70 
| 768.3 9100 9.67 9640 10.2 | 9.93 9.89 


| 
| 
| 
| 


735 mm. and 754 mm. are shown in Fig. 9. These curves show 
quite a regular variation in the effect of pressure with a tend- 
ency toward a greater effect upon the current for negative 
polarity. This regularity would seem to indicate that the 
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discordant results obtained in the preliminary experiments were 
due to the presence of other factors than mere change of the 
pressure. 

To determine what effect, if any, the confining of air in a 
closed tube had upon the coronal current, a series of tests was 
run under constant pressure with various conditions as to the 
closing of the tube, the renewal of the air, etc. The erratic 
results follow no evident relations and indicate that confine- 


TABLE VII 
EFFECT OF PRESSURE. 
No. 40 B. & S. Copper Wire. Diameter 0.077 mm. 
in 
Tube of diameter 4.45 cm.; length 25.0 cm. 
Dry air in tube. 
Currents in 10-4 amp. 


{ 
Potential 4 
dif- 735 mm. 738 mm. 749.0 754.0 
ference oo — + = + = ia = 
| ‘ 
4000 |0.00025 0.00030 (0.000076 0.000051/0.000015 0.000015 |0.000015 0.000015 
5000 0.205 O.176) 0.181 0.210 0.150 0.169 0.150 0.169 
6000 0.553 0.676 0.557 (0.708 0.468 0.611 0.468 0.602 
7000 1.06 1.34 1.06 EIS 0.859 ila hrs 0.900 LG 
8000 1.76 2.28 1.73 2.32 1 ees 3 1.90 1.55: 2.02 
9000 2.58 3.60 Bebe Seb) 2.15 2.86 2.28 2.90 
10000 3.45 4.49 3.43 4.52 2.81 S71 2.99 S.te 
12000 6.24 7.64 6.15 8.16 ‘ayn ly 6.51 5.40 6.83 
Positive Corona Appearance. 
Set iar Onc eS 735 738 749 754 
Thebans Ho 5 aoe 4080 4100 4100 4100 
WASIDIEUEN cu ale. 4150 4160 4110 4150 


Figures for 738,00 mm, are average of three tests, 


ment of the air has a great effect upon the coronal current and 
also upon the critical and visible glow voltages. Such an 
effect does not appear strange when one thinks of the quantities 
of ozone formed and possibly other products, which, when 
the tube is closed, must remain inside and thus change the 
character of the gas to a considerable extent. It must be con- 
cluded from these tests that it is unsafe to compare results 
obtained in a closed tube with those obtained where there is 
a plentiful supply of fresh air. : 


EE eS ee 
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INFLUENCE OF MOISTURE 


In connection with the apparatus for the supply of dry air 
to the tube, an arrangement was devised whereby air could 
be drawn from the room through the tube. The humidity of 
such air was given by calculation from the readings of wet and 
dry bulb thermometers. Parallel sets of readings were taken 
from day to day of the current flowing when dry air was pumped 
continuously through the tube and when air from the room was 
sucked through before each reading. The readings and the 
comparative characteristics for 735 mm. pressure and relative 
humidity 69 per cent are shown in Fig. 10. These curves in- 


Sabai ile BAC) 


| 
4 


| 
| 
ae 


(-)) 


a 


10°* AMPERES 
oO 


| 


nN 
= 


0 eR amas ve aaa 


6 
KILOVOLTS 


Fic. 9—CHARACTERISTIC AS INFLUENCED BY PRESSURE 


No. 40 B. & S. copper wire, 0.077 mm. diameter; tube 4.45 cm. diameter, 25 cm. 
long; dry air at 25 deg. cent. forced through tube. 


0 fe 


dicate a regular effect due to moisture, with a tendency for the 
decrease of current by humidity to be greater for negative 
polarity of the wire. The decrease of current by the presence 
of moisture is well known and these results bear out this effect. 

To determine whether the presence of moisture in the air 
has an effect upon the critical voltage, a test was run as follows, 
under a pressure of 736 mm. and humidity 68.5 per cent: 

Air was sucked through the tube from the room and the 
voltage was noted at which the initial jump of the galvanometer 
occurred for wire positive. Then the positive glow voltage 
was determined and next the negative glow voltage. Then 
dry air was pumped through the tube and the same measure- 
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ments were taken. An average of two sets of readings on the 
uncalibrated low scale of the Kelvin voltmeter gave the results: 
Wet Air Dry Air 


Positive critical voltage...... 4300 4190 
Positive glow voltage........ 4350 4260 
Negative glow voltage....... 4275 4370 


The effect of moisture is then to raise somewhat the start- 
ing point of the positive corona and act in the opposite way 
for the opposite polarity. g 

With wire negative and moist air in the tube, the discharge 
begins from dim spots and the discharge is of no clearly defined 
nature, being a mixture of sections of continuous glow and 
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Fic. 10—CHARACTERISTIC AS INFLUENCED BY HUMIDITY 
No. 40 B. & S. copper wire, 0.077 mm. diameter; tube 4.45 cm. diameter, 25 cm. long; 


dry air forced through tube and afterwards air from room drawn through; temperature 
25 deg. cent.; humidity 69 per cent; pressure 735 mm. 


bright spots, these spots being immobile. The discharge be- 
gins quite differently for the same polarity and dry air. As 
the voltage is increased, suddenly a bright spot will appear. 
Then for increasing voltage a number of spots appear and they 
are regularly spaced, increasing in number with the voltage. 
These brushes are in continual movement back and forth. 

The effect of moisture on the appearance of the negative 
discharge was shown by the following experiment: 

The tube was filled with moist air and a voltage somewhat 
above the critical value was impressed. A mixed discharge 
resulted as described above. Then a current of dry air was 
started through the tube and little by little the discharge cleared 
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up and resolved itself into a line of uniformly spaced brushes 
which were in continual agitation. If moist air were again 
admitted, the discharge resumed its former character. 

With moist air in the tube and a fairly high potential differ- 
ence, the wire vibrates circularly for both polarities, describing 
a torpedo-like figure of revolution. The filling of the tube with 
dry air diminishes considerably the amplitude of the vibration 
for wire positive and stops the vibration entirely for wire nega- 
tive. 

INFLUENCE OF TEMPERATURE 

The influence of temperature upon the current for a No. 36 

wire in a closed tube under a pressure of 760 mm. was deter- 
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Fic. 11—CHARACTERISTIC AS INFLUENCED BY TEMPERATURE 


No. 36 B. & S. copper wire, diameter 0.135 mm.; tube 4.45 cm. diameter, 25 cm. long; 
tube closed; dry air in tube under 760 mm. pressure. 


mined for the range from 15 deg. to 25 deg. cent. and the results 
appear in Fig. 11. The lower temperature was obtained by 
placing cloths wet with alcohol upon the tube and directing a 
stream of air from a fan upon it. The curves indicate that 
this difference of temperature makes far more difference in 
the current for wire negative than for wire positive, both currents 
showing an increase for increasing temperature, as might be 


expected. 
MATERIAL OF WIRE 


An attempt was made to determine the effect of the character 
of the surface and the material of the wire in the following 
way. A characteristic curve was obtained for a bright new 
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steel mandolin ‘‘ E ” string in a tube open to the air. Then the 
wire was dipped into a solution of copper sulphate long enough 
to acquire a smooth coating of copper and another characteristic 
was obtained. Then this wire was amalgamated and another 
test run. A piece of the same wire was dipped into nitric acid 
long enough to roughen it without appreciably decreasing its 
diameter and a test was run on it. Small differences were 
found to exist in the characteristics, but these differences were 
accountable for by the changes in humidity and pressure during 
the time of running the series of tests. It was noticed that orig- 
inally polished copper wires became rough on the surface through 
the action of the corona. 

A strong electromagnet was arranged with its poles in close 
proximity to a tube containing a wire on which there was corona 
and no effect upon the current or the appearance of the discharge 
could be detected, either for discharges at atmospheric pressure 
or at reduced pressures. 


COMPARISON WITH PREVIOUS INVESTIGATIONS 


The starting point of the corona, and the current, depend 
on the radius of the wire, the nature, temperature, pressure 
and humidity of the air. The corona changes the chemical 
constitution of the air, hence there is great difficulty in formula- 
ting thelaws. But forthe beginning of the corona and relatively 
large radii Peek and Whitehead have found very neat laws 
expressed by the formula* 
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E is the critical electrical intensity at the surface of the wire, 
R the radius in cm., p the pressure in cm. of Hg. and ¢ the 
temperature in degrees centigrade. In Table VI the critical 
electrical intensity has been calculated by means of this formula 
and the agreement between the calculated and the average elec- 
trical intensity or the negative value is quite satisfactory as 
far down as 5.32 cm. of mercury, while below this pressure dis- 
crepancies are noticeable. 


*J. B. Whitehead. The Electric Strength of Air. TRANs, of A.I. EB. E. 
Vol. XXXII, 1913, palsliy. 


—_ 


1914] FARWELL: DIRECT-CURRENT CORONA 1655 


According to Whitehead the electrical intensity E is inde- 
pendent of moisture content, and the current of the corona 
decreases by the presence of moisture. This latter statement 
agrees with our observations, but for the fine wires used in this 
investigation moisture also affects the starting point of the 
corona. 

PRESSURE DUE TO IONIZATION 

During the first set of experiments to determine the influence 
of the pressure upon the coronal current for pressures around 
atmospheric it was noticed that when the potential difference 
was applied the manometer connected to give the pressure inside 
of the tube showed a sudden increase of pressure. This sudden 
increase was most noticeable for the highest pressure and 
amounted to a centimeter or more. Since it was desired to 
keep the pressure in the tube constant a carboy was connected 
to the tube to act as a reservoir of large capacity and prevent 
the increase of pressure from reaching any noticeable value. 

To investigate the connection between this increase of pressure 
and the potential difference impressed, a sensitive U-tube open 
manometer was constructed. The manometer had a bore of 
2.8 mm. and contained a light mineral oil of specific gravity 
0.859. It was connected to the tube, the pressure in the tube 
was adjusted to atmospheric, the tube was sealed up and the 
sudden increase of the pressure was noted for voltages from 
those necessary to produce the corona up to those causing the 
maximum jump the manometer would permit without forcing 
the oil out. The increases were noted for both polarities of the 
wire. Table VIII contains data relative to the size of the wire 
and tube, the readings observed and the increases of pressures 
reduced to terms of millimeters of mercury. Fig. 12 shows 
the increase of pressure plotted against potential difference. 

For the positive polarity of the wire, there was no appreciable 
increase of the pressure until the corona appeared. When the 
wire was negative, the presence of a small brush or two caused 
the level of the columns to differ appreciably before the general 
discharge appeared along the wire. 

The jump for wire negative was greater than for wire positive 
for the greater part of the range of voltage and it will be seen that 
the general shape of the curves is the same as that of the charac- 
teristic curves for the same size of wire as given imybign 11. 
Furthermore, by comparing the numerical values of the currents 
and increases of pressure for like voltages it will be found that 
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No, 36 B. & S. wire. Tube 4.45 cm. internal diameter, 25 cm. long, volume 388 cu. cm. 


TABLE VIII. 


PRESSURE DUE To IONIZATION 


Dry air in tube, pressure 744.0 mm., temp. 26 deg. cent. 
Manometer bore 2.8 mm., containing mineral oil of 0.859 specific gravity. 
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Fic. 12—INCREASE oF PRESSURE D 


opper wire, diameter 0. 
ncrease of 


No. 36 B. & S.c 
Curves show sudden i 


Dry air, pressure 744 mm. 


135 mm.; tube 4. 


pressure in closed tube when 


UE TO IONIZATION 
45 cm. diameter, 25 cm. long. 


Wire Positive Wire Negative 
Poten- Manometer—cm. mm, Poten- Manometer—cm. mm. 
tial of tial of 
dif- Left Right Diff. mercury dif- Left Right Diff. mercury 
ference ference 
5340 Jump barely visible. 0.000 4800 Jump barely visible 0.00 
6180 12.22 -13.30 1.08 0.682 6180" 12.20 & 13.25 1.05 0.664 
6680 12.19 13.59 1.40 0.885 6700 11.98 13.50 1.52 0.96 
COSOMATS7 20 ASSSoume oe) ‘Less 7100 11.70 © 13.75 2.05 1330 
7440 11.48 14.10 2.62 1.66 7500 11.40 14.08 2.68 1.70 
7820 11.00 14.56 3.56 2.25 7850 11.05 14.40 onan 2.12 
8200 10.80 14.79 3.99 2.52 8220 10.70 14.80 4.10 2.59 
8620 10.36 15.20 4.84 3.06 8600 10.40 15.10 4.70 2.97 
9200" 91.75) 15. 80 6.05 3.83 8860 9.92 15.60 5.68 3.59 
9800 9.0 16e5: h55 4.74 9400 9.3 16.2 6.9 4.36 
10400 8.3 iS) 9.0 5.69 10500 7.6 Lis 10.2 6.45 
10840 7.4 18.1 10.7 6.76 11000 6.8 18.5 Ba WY f 7.39 
11300 6.6 18.8 122 feeral 11460 5.9 19.4 HSE a 8.53 
12200 4.8 20.3 15.5 9.80 11940 4.5 20.7 16.2 10.2 
12900 3.3 22.1 18.8 11.9 12640 2.5 22.3 19.8 12-5 
13840 ire 24.3 23.2 14.7 13520 0.4 24.2 23.8 15.0 
14200 0.2 25.2 25.0 15.5 
16 
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potential difference is applied. 


PLATE CXXXVII. 
A. |. E. E. 
VOL. XXXIII, 1914 


Fic. 13—TuBrE USED FOR PHOTOGRAPHS [FARWELL] 


B. & S. wire, diameter 0.26 mm.; tube 3.5 cm. diame On , : . 
4-0) 6 Ep ee o 9.0 : meter, 25 cm. . 
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Series No. 1—Pressure in tube and potential difference varied, [FARWELL] 
Fic. 14—-CHANGES IN NATURE oF ISOLATED BRUSH DISCHARGE ; WITH 
POTENTIAL DIFFERENCE AND PRESSURE 
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Series No. 1 (continued)—Pressure in tube and potential difference varied. 


Fic. 15—Various Forms or DISCHARGE AT REDUCED PRESSURES 
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Series No. 3—Wire negative—pressure constant. [FARWELL] 
Fic. 16—Evo.tution or NEGATIVE ISOLATED BrusH DISCHARGE FROM 


CONTINUOUS GLOW 
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Series No. 5—Wire negative—pressure constant. [FARWELL ] 
Fic. 17—VARIATION OF NUMBER OF BRUSHES WITH POTENTIAL DIF- 
FERENCE—GLOW VOLTAGE 2440 
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[FARWELL] 
5 (continued)—Wire negative—pressure constant at 119.6 mm. 


18—VARIATION OF NUMBER OF BRUSHES WITH POTENTIAL DIFFER- 
ENCE 


Series No. 
Fic. 
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they are proportional. This shows that the increase is an ioniza- 
tion phenomenon, for if the sudden increase were due to the 
heating effect of the current we would expect the increases to 
vary as the square of the currents instead of the first power. 

The theory of ionization would lead one to expect such a jump 
when the gas is suddenly ionized; some particles in the gas 
would be split up by collisions and each of the constituent parts 
would act as a separate molecule as far as its contribution to 
the total pressure is concerned. 

This ionization pressure might serve as a principle upon 
which to build a high-tension voltmeter, for if such a tube 
were once calibrated, the indications of the manometer would 
give a measure of the potential difference impressed. 


DIscoONTINUOUS BRUSH DISCHARGE 


As already mentioned, at low pressure and negative polarity 
of the wire, the discharge took the form of isolated beads or brushes 
disposed with approximate regularity along the wire. In order 
to be able to see the wire broadside a glass tube was lined with a 
piece of sheet brass of such a width that a longitudinal slit was left 
along the tube, thus permitting inspection of the discharge along 
the central wire. The glass tube was closed at the ends by glass 
plates with central holes drilled through them. The wire passed 
through these holes and could be tightly stretched by means of 
a thumbscrew. The dimensions of the apparatus are given in 
the illustration, Fig. 13. This picture shows the branch tube 
through which the air could be exhausted and a wire along 
this tube connecting with the brass sheath. The holes around 
the wires where they passed through the glass plates were 
stopped by means of soft wax, the tube was exhausted and then 
filled with dry air by admitting air from the room through the 
drying apparatus mentioned previously. Then various forms 
of discharge were produced and photographs taken of them. 

Series 1, Figs. 14 and 15, was taken to give an idea of the de- 
velopment of the discontinuous discharge from a few intensely 
bright beads to a series of small brushes spaced with considerable 
regularity along the wire. For the lowest pressures the beads 
consist of a bright cylindrical core along the wire, which core 
is surrounded by a narrow dark space, enveloped in turn by a 
purple glow of relatively large diameter. For increasing pressure 
the central core contracts to a point and the discharge, instead of 
surrounding the wire to form a bead, starts from this bright 
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point and spreads out fan-like in a plane at right angles to the 
wire. For still higher pressures the fan seems to shut up and 
finally degenerates to a small brush. For all of the illustrations 
in Series 1, except No. 36 and No. 37, the wire was not stretched 
tightly and therefore the regularity of spacing of the brushes is 
not very great. The two photographs from which these il- 
lustrations were made were taken with the wire tightly stretched, 
and the regularity of spacing is apparent. No. 10 shows the 


typical uniform positive glow. No. 12 shows the effect upon 


the brush discharge of inserting an arc in series with the tube. 
Series 3, Fig. 16, shows the evolution of the isolated brush form 
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Fic. 19—NEGATIVE CHARACTERISTIC 


No. 30 B. & S. copper wire, 0.26 mm. diameter; slit tube 3.5 cm. diameter, 25 cm, 
long; pressure in tube 119.3 mm. 


of negative discharge from a continuous glow. For a potential 
difference just above the critical value, the negative wire was 
enveloped by a more or less hazy continuous discharge. Keeping 
the pressure in the tube constant and raising the voltage slightly 
causes some of the glow to turn into brushes, and with increasing 
voltage all of the glow is converted into the uniformly spaced 
form of brush discharge. Sometimes conditions can be ar- 
ranged so that the brushes appear one after another 
parently no change in the conditions. 

Series 5, Figs. 17 and 18, was taken to find, if possible, some 
definite relation between the number of brushes and the potential 
difference for a given pressure in the tube. The increase of 
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the number of brushes with the voltage and the regularity of 
spacing of the brushes is apparent. Photographs were taken 
at voltages where the distribution of brushes was most regular. 
For the highest voltages, the brushes were in constant movement 
back and forth along a short path, and to secure a good picture 
it was necessary to make the time of exposure quite short. 

Fig. 19 is the characteristic curve for the currents and voltages 
employed in Series 5. This graph shows the rate of increase 
of current with voltage to be very great at the highest voltages 
employed. 

Fig. 20 shows the number of brushes as a function of the 
potential difference. In some of the photographs some of the 
brushes were seen to be smaller than the rest and for the plotting 
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Fic. 20—-NUMBER OF BRUSHES AND CURRENT PER BruSH AS FUNCTION 


OF POTENTIAL DIFFERENCE 
No. 30 B. & S. wire in slit tube; pressure 119.3 mm.; wire negative. 


of the graph the estimated equivalent number of full-sized brushes 
was taken. Evidently the number of brushes is some well- 
defined function of the potential difference. Between the 
voltages at which the arrangement of brushes was most regular, 
there seemed to be a transition period in which there were many 
little brushes in addition to the larger ones. An increase of 
voltage would then produce a set of full-sized brushes. 
The lower curve of Fig. 20 gives the variation of the current 
per brush on the assumption that the total current is carried by 
the brushes. 
EFFECT OF SHORT ARC UPON DISCHARGE 
Nature of the Phenomenon. Series No, 2, Fig. 21, shows the 
effect of a short arc in series with the tube upon the character of 
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the positive and negative discharges for a constant pressure in 
the tube and an approximately constant difference of potential. 

The typical quiet bluish positive discharge shown in No. 13 
is changed to No. 14, which is more brilliant, of a purple tinge 
and greater in diameter. In addition its boundaries seem more 
ragged. 

The typical discontinuous negative discharge has its character 
changed most markedly by the introduction of the arc. No. 
16 shows the changed discharge; it seems to be made up of 
two effects superimposed upon each other. The arc evidently 
sets up high-frequency oscillations in the circuit and an alternating 
effect is superimposed on the direct-current phenomenon. To 
test whether this theory was correct, the following experiment 
was tried: 

A two-mf. condenser was connected in parallel with the tube, 
and with the arc in circuit, a potential difference was impressed 
upon the tube of a value high enough to give corona. The ap- 
pearance was then as though there were no arc in the circuit. 
The high-frequency component of the current prefers rather to 
take the path through the condenser than to go across the 
air gap. 

It took an appreciable time for the condenser to become fully 
charged and during this time occurred the evolution of the 
brush discharge from the continuous glow in the manner men- 
tioned above, except that the time of the process was prolonged. 

Upon disconnecting the charged apparatus from the source 
of potential, the discharge through the tube persisted for some 
seconds, due to the discharge of the condenser through it. As 
the voltage of the condenser fell, the number of the brushes 
became less and their brightness diminished ‘until they van- 
ished. During this discharge, the brushes maintained quite a 
regular arrangement. 

By assuming fair values for the electrical constants of this 
discharge circuit, it is easy to calculate that the discharge of 
the condenser must be of the continuous type. This being 
the case, it is evident that the negative discontinuous discharge 
must be essentially a direct-current phenomenon. 

It should be remarked that the values of current given for 
the cases where an arc is in circuit represent only the continuous 
components, since the galvanometer deflection is unaffected 
by the alternating components. There is hardly another 
phenomenon which shows so directly the difference between 
positive and negative electricity as the foregoing illustrations. 
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Series No. 2. [FARWELL] 


Fic. 21—EFFECT OF SHORT ARC IN SERIES ON NATURE OF DISCHARGES 
No. 30 B. & S. wire in slit tube; pressure constant at 112.6) a2. 
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Nevertheless the question may be raised as to whether the 
isolated brush form of discharge may not be due to oscillations 
in the circuit. In order to make it clear that this is essentially 
a direct-current phenomenon, there follow some experiments 
_ and arguments which support this view. 

The appearance of the brushes and the current indicated 
by the galvanometer are constant for a given voltage, no matter 
what combination of machines is used as the source of po- 
tential. One of the sets may be used and the appearance of 
the spots and the voltage and current noted. Then if the 
other set be used to give the same voltage with a different 
number and speed of machines, the same results are obtained. 
If there were oscillations set up perhaps by sparking at the 
brushes, we would not expect this agreement. 

Mention has been made before of the effect of the intro- 
duction of a condenser in parallel with the tube. To test 
whether the current sent through the tube by the condenser 
in discharging was direct or oscillatory, another experiment 
was performed. The condenser was connected across the pos- 
itive and negative busbars to which the generating apparatus 
was connected through the water resistance. Then a switch 
connecting the machines to the busbars was closed, as was 
also a switch leading to the tube. The deflection of the gal- 
vanometer was noted and the appearance of the brushes. Then 
the generator switch was opened and the condenser discharged 
through the tube and the galvanometer. After the switch was 
opened, the galvanometer deflection gradually decreased, the rate 
of the decrease being slower and slower as the discharge proceeded. 
The opening of the switch caused no immediate change in the 
brushes, only the gradual change already noted. That the 
discharge of the condenser must be continuous is shown by the 
deflection of the galvanometer and it can be further proved 
by a rough calculation. Assuming the resistance of the cylin- 
drical field as given by F/I and taking a set of values of E and 
I for the comparatively low pressures at which the brushes 
are best formed, we obtain R = 1.83 X 108 ohms. Assuming 
the very large value of 0.1 henry for the inductance of the 
circuit, and the approximate value of 2 mf. for the capacity, 
we find that Ris about 4.1 X 104 times as great as W4L/C and 
hence it is clear that the condenser discharge must be of the 


continuous type. ; 
By running wires from the terminals of an induction coil 
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to the central wire and the tube and then adjusting the dis- 
charge points on the coil to such a distance that a silent dis- 
charge took place between them, it was possible to obtain an 
almost uniform hazy glow along the wire. But no effect could 
be obtained like the uniformly spaced brush discharge. 

It is well known that an arc is the source of electrical oscilla- 
tions and it has been shown by a previous figure that a short 
arc in series with the tube disturbs the brushes due to the 
direct current by the superposition of an alternating-current 
effect,so that the glow becomes more or less uniform and the 
difference in the appearance of the glow for different polarities 
becomes much less. So the introduction of an oscillatory 
current acts to suppress the isolated brush form of discharge 
and not to cause it. 

It should be stated here that Peek* by a stroboscopic method 
has also observed ‘‘more or less evenly spaced beads” on the 
negative wire when there was corona between parallel wires 
caused by an alternating difference of potential of 80,000 volts 
at atmospheric pressure. The wires used by Peek were 0.168 
cm. in diameter, spaced 12.7 cm. apart. 


CORONA BETWEEN PARALLEL WIRES 


Phenomena at Reduced Pressures. Two No. 34 wires, 0.167 
mm. in diameter, were arranged parallel and two centimeters 
apart inside of a glass tube as shown in Fig. 22 and photographs 
were taken of the discharge between them at reduced pressures. 
The three lower illustrations of Fig. 22 show the typical isolated 
brush discharge on the negative wire with corresponding lum- 
inous section of the positive wire. The negative brushes had 
a brilliant nucleus with a fainter glow spreading out from it. 
For lower pressures than those for which the photographs were 
taken, the discharge became more brilliant; the brushes spread 
farther apart and increased in size. Each section of positive 
glow was usually of uniform. brilliance. But for compara- 
tively low pressures and high voltage, these positive sections 
became somewhat discontinuous, bright spots being mixed in 
with the uniform glow. 

The introduction of a short are in series made a marked 
change in the nature of the discharge. Both wires were more 
or less completely covered with a nearly uniform glow and 
there was no longer any marked difference between positive 
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and negative. The brilliancy of the discharge depended upon 
the fatness of the spark. With the arc in series, low pressures 
and a relatively high voltage, the discharge between the wires 
resembled a sheet of luminuous rain. An intermediate effect 
showed bluish streamers between the wires. 

It should be remarked that the values of current given for the 
cases where an arc was used are only the continuous components 
of the current. : 

Phenomena at Atmospheric Pressures. Two No. 36 wires 
were stretched over hard rubber bridges so as to be parallel and 
three centimeters apart and a characteristic test was obtained 
for the discharge between them. The dimensions of the wires, 


TABLE IX. 
Two Parallel No. 36 Wires—0.135 mm. diam., 36.2 cm. long and 3.0 cm. apart. 
Temperature 26.5 
Relative Humidity 43.0 per cent 


Barometric Pressure 749.0 


Potential Difference | Deflection in mm. Shunt Factor Current in 10-4 amp. 
| 
| + 
— ——— 
6000 0.3 1.0 0.000015 
6400 | 0.5 HEA) 0.000025 
6500 | Critical Voltage 
7000 125.0 1.0 0.00634 
8000 | Sia) 12.832 0.0241 
9000 75.0 12.832 0.0488 
10000 30.0 128 .32 0.195Glow sets in 
12000 198.0 128.32 1.29 
14000 49.0 1283.2 3.19 


F = 5.07 X 10-9 amp. per mm. deflection. 


the atmospheric conditions and the data for a characteristic 
curve are givenin Table IX. A sudden increase of the deflection 
of the galvanometer marked the critical voltage as in the case 
of former tests with wires in a cylindrical field. It was noted in 
this test that there was a considerable current flow between the 
wires before there was any indication of a glow. At 10,000 
volts a flickering glow along the positive wire gave the first in- 
dication of a general glow. 

When the visible discharge was fairly started, it took the form 
of a uniform continuous glow along the positive wire and a fairly 
regular arrangement of brushes along the negative wire. This 
discharge was examined on a day when the humidity was con- 
siderably greater and it was noticed the negative discharge had 
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lost all appearance of a regular distribution and there was more 
of a continuous glow effect. 

It was noticed that the negative wire bowed in toward the 
positive and that the positive bowed away from the negative. 
This effect was noticed in one of the preliminary experiments 
with an influence machine. 

When the wires were purposely made rather slack in order 
to intensify the effect it was found that the positive wire vibrated 
strongly with a circular motion and that the negative was motion- 
less. If the polarity of the wires was reversed, the phenomenon 
reversed also and it was still the positive wire which vibrated. 

Exploration of Field between Parallel Wires. A glass tube 
with a platinum contact wire projecting axially from its tip 
was fixed into a wood block in such a manner that when the block 
was moved across a board beneath and parallel to the plane of 
the wires, the platinum contact point moved in the plane of 
the wires. By means of a scale fixed across the board perpen- 
dicular to the direction of the wires, it was possible to set the 
contact point at any desired position between the wires. When 
the ground terminal of one of the electrostatic voltmeters was 
connected to the grounded negative wire and the high-tension 
terminal was connected to the contact point it was found that 
the voltmeter deflected when there was a current flow between 
the wires and the contact point was in the neighborhood of the 
wires. So long as there was no current flow between the wires 
there was no deflection. 

Figs. 23 and 24 show the curves for field distribution as 
plotted from the data, and also the distribution of the electro- 
static field between the wires as calculated from the formula 
for the electrostatic field on a line between the axes of parallel 
wires. If P denotes the point where the potential is desired, A 
and B the inverse points of the circular sections of the wires and 
g represents the charge per unit length of one wire, the potential 
V at the point is given by 


V = — 2g log (AP/BP) 


Sufficient accuracy was obtained for the purpose in hand 
by taking the inverse points as at the centers of the wires. 

An examination of the curves for the actual distribution of 
the field discloses the fact that there are large anode and cathode 
falls of potential, the anode fall of potential being the greater 
for the two lower potential differences. For these also the 


1914] FARWELL: DIRECT-CURRENT CORONA : 1665 | 


actual field departs widely from the electrostatic. For the 
12,000-volt curves the actual and electrostatic fields become more 
alike. 

The field is distorted through ionization, because the positive 
ions are driven toward the negative wire and form a layer 
of positive electricity round about the negative wire. Hence 
there results a very large fall 
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Fic. 24—DISTRIBUTION OF 
THE POTENTIAL BETWEEN Two 
PARALLEL WIRES 0.052 MM. IN 
DIAMETER, 30 MM. APART 


Fic. 23—DISTRIBUTION OF THE 
POTENTIAL BETWEEN Two PARALLEL 
Wires 0.135 MM. IN DIAMETER, 30 


MM. APART 


distortion of the field about the positive wire is different from 
that around the negative wire. 

Notes on Test. At voltages a little above the critical voltage 
there is a noticeable lag of corona behind e.m.f.; in the extreme 
case this lag amounted to a second or so. Spots on the negative 
wire appear first, then the general glow, which appeared to move 
along the positive wire from the end leading to machines, 
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The negative glow is by far the brightest andis inclined toward a 
purple, while the positive glow is blue. With the high humidity, 
there was no regularity in spacing of brushes, and much contin- 
uous glow on the negative. 

An attempt was made to see whether after corona was formed 
and then the potential difference was lowered, below the critical 
value, the corona would persist. So far as could be determined, 
the corona stopped when the critical voltage was reached. 

At 13,000 volts potential difference a marked electrical wind 
was noticed proceeding from the wires. It was strong enough to 
be noticed on the face when held a few inches from the wires. 

At this voltage, the negative wire was vibrating with a barely 
perceptible movement, while the vibration of the positive wire 
was excessive. And also at this voltage, the negative corona 


Fic. 25 


seemed in more rapid movement 
of them oscillating back and 
vibrating in a circular path. 
With wires bowed as shown 
of current appeared. almost Si 
used in previous parallel wire 
before the glow appeared. 
This investigation was carried 
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Discussion ON “THE Corona PRopDUCED By ContTiINuUOUS Po- 
TENTIALS” (FARWELL), NEw York, NOvEMBER 13,1914. 


L. W. Chubb: The author makes certain apologies about the 
paper, saying it is more of technical interest than commercial 
value, compared with the alternating-current corona. That 
may be so, but I believe there is a good deal of commercial value 
in the study of the direct potential in connection with electrical 
precipitation, and our fundamental study of the electron theory 
and effects of ionization. 

I think also the paper will stimulate a good deal of further 
work along this line, just as the first few papers on corona stimu- 
lated a great number of papers in the alternating-current work. 
There is too much in the paper to grasp or remember from read- 
ing it over once, but I think it isa very good paper for our records. 
I cannot read it without thinking of the various explanations 
which there may be for all the different phenomena he finds, some 
new, some not entirely new, but they have a very important 
connection with the work that is going on. 

The bowing of the two wires in the same direction is a signifi- 
cant condition that has been brought out; and the concentration 
of the corona into beads or regularly spaced brushes on the 
negative seems, in a way, to correspond to the negative spots 
in the mercury arc or gas arc—the nature, of course, is different, 
but there is a similarity. The glow on the positive corresponds 
in a way to the luminosity around an anode that is being bom- 
barded by the electron. 

A. E. Kennelly: I ask Mr. Peek if he can throw any light on 
the movement of one of the wires, mentioned on the last page, 
where the vibration seems to be rotary as distinguished from 
being simply to and fro. 

P. M. Lincoln: Some years ago Mr. Peek gave a formula for 
the loss due to corona, and that formula contained, as one of the 
factors, the frequency. I asked at the time why frequency should 
enter into a formula for the loss due to corona. It seemed to me 
that if it entered into this formula properly, then if we 
carried it down to zero frequency we would have zero 
loss. This paper this evening does not seem to indicate 
we have zero loss at zero frequency. What is the proper 
relation between frequency and loss? Perhaps Mr. Peek 
can answer that. 

Max von Recklinghausen: One of the phenomena 
mentioned in the paper of Mr. Farwell, reminds me of a 
phenomenon which appears in the mercury vapor arc, 
which has hardly been described, namely, the appear- 
ance of luminous beads on the positive electrode. They 
are easiest to distinguish in the lamp shown in the 
sketch. We have four distinct luminosity phenomena in 
such a lamp, namely, (1) the disintegrating point, at the negative 
pole, (2) the pink negative flame, (3) the luminous column, the 
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most typical light phenomenon in the mercury vapor lamp, 
and finally (4) the pink bead phenomenon near the positive. 
This latter can only be seen under certain conditions of tempera- 
ture and vacuum, but just this phenomenon resembles vaguely 
the one described by Mr. Farwell. The number of beads will 
change rapidly with change of conditions. 

I want to say one thing regarding the corona loss. I would 
like it to be quite clear in our minds that economically this 
plays a very small part in a direct-current power transmission 
line. I mention this because I think it of importance that the 
smallest possible impediment should be thrown in the way of 
the development of high-tension direct-current power trans- 
mission. 

L. T. Robinson: When the papers on alternating-current 
corona were discussed June 27, 1913, ( (PeansinAy ds Bo Ee 
MVolsaX2GX Tiieps 1810.) theitact sae brought out at the 
meeting that the glow started a long time before the 
discharge started, and that we had there a rather satisfactory 
means, apparently, for the measurement of the high potential. 
But here it appears that it is even better, that is, that this 
critical voltage appears to bea very sharp point, and we have the 
commencement of the large flow on the galvanometer a long time 
before the glow sets in. [I simply call attention to the fact 
that there is a definite and sharply defined effect there which I 
think could be put to some useful purpose. 

Selby Haar: I think it will be of great interest if Mr. Farwell 
will give a detailed description of the generators which he uses 
for producing this high voltage, and also state whether they were 
designed under his supervision or by commercial manufacturers, 
and furthermore tell us why the particular sizes which were 
selected were chosen. : 

F. W. Peek, Jr.: In selecting a conductor in transmission 
work it is of particular importance, from the corona standpoint, 
to be able to predict the voltage at which loss starts. In general 
the operating voltage should be at or below the fair weather 
disruptive critical voltage. This paper tonight shows, as other 
papers have shown, that the starting voltage depends upon the 
maximum of the voltage wave. If the single-phase alternating 
critical voltage is 100 kv. effective for a sine wave, the continuous 
critical voltage is 141 kv. for the same conductor arrangement. 
The formula for the single-phase alternating effective voltage can 
thus be used for direct current; it is simply necessary to multiply 
by V2. Watson’s investigations also show this. It means that 
in practise about 40 per cent higher continuous voltages may 
be used than with single-phase alternating current. Compared 
to three-phase alternating current, the difference js greater. 
(It is simply necessary to consider voltages to neutral.) This 
point in its favor, however, will not cause direct current to 
supersede alternating current in high-voltage transmission. 

This one advantage for direct current is still greater in solid 
dielectrics, as cables. In air and oil there is very little loss 
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until a certain definite voltage is reached. In solid dielectrics, 
loss starts as soon as voltage is applied and increases approxi- 
mately as the square of the applied voltage—the consequent 
heating reduces the strength of the insulation. There is thus a 
gain here for direct current. It is questionable, however, how 
far this may be made use of, as cables generally break down by 
abnormal or transient voltages, which take place in either 
alternating-current or direct-current circuits. One other advan- 
tage is the elimination of the large capacity current. 

In my 1912* paper, I gave the results of a stroboscopic study of 
alternating-current corona; that is, the corona was viewed 
through an instrument in which one could see the corona due to 
the positive half of the wave or due to the negative half of the 
wave. Photographic records were shown. Itis very interesting 
to note that the positive corona, as shown by direct-current 
tests, is the same as the corona due to the positive half of the 
alternating-current wave; and vice versa, the same effects are 
observed for the corona on the negative half of the wave. If that 
paper is referred to, it will be seen that when the wires are very 
smooth and the negative half of the wave is observed, the 
negative corona first appears as a reddish crown around the 
wires. Finally, after operating a short time, the corona separates 
into more or less evenly spaced beads along the wires. In some 
cases, instead of taking the bead form it takes a spiral form. 
The positive corona is a bluish color and fits the wire surface 
very closely. With points, just the opposite effect occurs. The 
positive corona extends ‘away out into a brush, whereas at the 
negative, there appears a red hot point. This difference is evi- 
dently due to the greater stress or higher gradient at the point, 
where new sources of ionization occur, perhaps from the metal 
itself. 

Mr. Farwell shows that, except for very small wires—wires 
smaller than one-tenth of a millimeter—the alternating-current 
formulas may be applied for starting voltage, temperature, pres- 
SHS, GUC: 

Dr. Kennelly has noted the photograph of the wire rotating 
duetocorona. The same effect is also obtained with alternating 
current. In fact, by referring to my 1912 paper, it will be seen 
that in one case the wire is made to rotate as a whole, while in 
another, a node is formed in the center. For this particular case 
it is also a frequency meter. It shows on one half of the rotation 
negative corona and on the other half positive corona. Tesis 
thus rotating at the frequency of the applied voltage. 

A. E. Kennelly: Does the spiraling action you mention ac- 
count for it? 

F. W. Peek, Jr.: I donot know. I first observed the vibra- 
tion of wires due to corona several years prior to the 1912 paper. 
Two steel wires, each 500 feet long, were stretched between 
two transmission towers. The spacing was perhaps ten feet. 
These wires vibrated; one as a whole, and the other in three 
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parts or with two nodes. The period was very slow, about sixty 
aminute. That vibration seemed to be back and forth, perhaps 
on account of the long span. It started when voltage in the 
neighborhood of 200 kv. was applied. The vibration was im- 
perceptible when the voltage was first applied, but the amplitude 
gradually increased until it seemed the wires would soon come 
together. 

Mr. Lincoln asks why, if there is a loss on direct current, the 
formula for the alternating-current loss indicates zero loss at 
zero frequency, 
thus 


p= af (e—6&)? (1) 


There is a loss in direct current. For the same maximum voltage 
the direct-current loss is perhaps in the order of one-fourth the 
corresponding loss at 60 cycles, but for the same effective voltages 
the direct-current loss is very much less. Zero frequency and 
direct current are not necessarily identical. 

The greater part of the alternating-current loss is a “ per 
cycle’ loss. There is, however, a small constant loss. The 
more complete equation is 


b= ai (f + k) (e—&)? (2) 


Where the frequency does not vary greatly from 60 cycles, (1) 
is more convenient to use in practical work; (2) is used over 
greater range. This equation was published more completely 
in my paper read before the Franklin Institute* about a year ago, 
and it was also given in my discussiont at the A.I.E.E. Coopers- 
town convention. The complete formula can be found in the 
Journal of the Franklin Institute. 

I will speak briefly of another sort of corona. High-frequency 
corona, low-frequency corona, and direct-current corona have 
been discussed and are covered by the formula for alternating- 
current corona. There is another sort of corona—the corona 
transients, of single impulses. It takes energy and, therefore, a 
very small but definite time to start a spark or corona. For con- 
tinuously applied alternating or direct-current voltages the time 
is, relatively, practically unlimited. When the time is limited, 
however, as in a transient of steep wave front, or a single impulse 
of short duration, much higher voltages are required to produce 
the same effects, or to spark the same distance, than when 
the time is not limited. This applies not’ only to air, but 
also to oil and solid insulations. I have made such a study 
and find, for instance, for a given shape of impulse reach- 
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* “High-Voltage Engineering,”’ 


Franklin Institute Journal, Dec. 1913. 
t Trans. A. I.E. E., 1913, Vol. XXXII, Part II, 1819. 
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in air requires approximately double the 60-cycle  volt- 
age to spark over. For the same impulse reaching its 


maximum in aor second, the spark voltage is 25 per cent 
higher than the 60-cycle voltage. The time lag has in this way 
been accurately measured. For continuously applied alterna- 
ting or direct-current voltages the initial ionization, within reason- 
able limits, has no effect on the corona starting voltage. For 
single impulses the effect may sometimes be appreciable. 

S. P. Farwell: The generators used were at hand in the E. E. 
Department of the University of Illinois. They had been 
constructed without my supervision by the manufacturing 
company. I acknowledged in the paper the fact that F. W. 
Peek was the first to record beads along the negative wire in the 
alternating-current corona. As has been mentioned, the in- 
vestigation has opened a number of new questions and further 
experimental and theoretical researches are in progress in the 
University of Illinois. The theories so far advanced cannot 
account for the large variety of phenomena in the corona. 
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GRAPHIC METHOD FOR SPEED-TIME AND DISTANCE- 
TIME CURVES 


BY E.” ©. WOODRUFF 


ABSTRACT OF PAPER 


_ The paper presents a very simple method for obtaining speed- 
time and distance-time curves, which avoids the usual step-by- 
step process with its tedious calculations. The method consists 
of plotting certain so-called ‘‘ service characteristics ’’ upon the 
diagram of mctor characteristics with the speed-current and trac- 
tion-current curves. The time and distance increments corre- 
sponding to assumed speed increments are found by simple di- 
vider operations. 


HE FOLLOWING method for obtaining speed-time and 
distance-time curves is a modification of that brought out 
by Mailloux in 1902. It is believed to possess certain merits of 
simplicity, speed, and directness that may make it of interest. 
It has proved of especial value in teaching the plotting of 
these curves to engineering students. Students that have 
struggled with the usual step-by-step process, involving rather 
long and tedious calculations, or with graphic methods that re- 
quire the use of many sets of curves on several sheets, seem to 
acquire a newinterest in the subject when this method is proposed. 
Briefly, the method consists in drawing on the sheet of motor 
characteristics besides the speed-current and traction-current 
curves, certain so-called ‘‘ service characteristics ”” as shown in 
Fig. 1 and explained below. From these curves, time and dis- 
tance increments corresponding to assumed speed increments 
are found by a few simple divider operations. To avoid confusion, 
on one of the sheets are placed the motor and service curves fora 
limited number of load conditions, perhaps for a motor car with 
and without a trailer, new sheets being readily made for wider 
variations in train make-up or in motor equipment. 
The make-up of a sheet of curves is as follows: Motor speed- 
current and traction-current curves are plotted to as large a 
scale as possible from the records of tests. To the same scale 
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is plotted the train resistance-speed curve, f, from Armstrong’s 
formulas fas az + 0.03 V + 0.002 V2a (1 + 0.1[N—1}) 


wherein W is the weight of the whole train in tons, while W’ is 
the load in tons per motor. Horizontal lines are drawn, such as 
g, whose constant ordinates are the pounds traction required for 
various grades and curves for W’ tons per motor. Using the 
upper right-hand corner as a second origin, net traction is plotted 
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downward against time increments plotted to the left, using the 
same scale as for the traction-current curve. This gives one or 
more hyperbolas whose equations are InxAt=AvX100W, 
wherein T, is net traction, A t is a time increment, W’ 
is the tons per motor, 100 is a constant including 91.1 plus an 
allowance for the energy of the rotating parts, and AV isa speed 
increment, constant for each hyperbola. From the same corner 
are drawn a series of radii intercepting equal distances on the 
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verticallines. These radii, labelled 1, 2, 3, etc., are lines of aver- 
age velocity, a scale of corresponding distance increments run- 
ning downward from the corner at the right. This distance scale 
is so selected that projection vertically from some time division, 
such as 5, to a radius, such as 15, and then horizontally to the 
distance scale, will indicate the distance travelled,in this case 110 
feet, during the selected time interval at the indicated average 
velocity. 

To use the curves on the motor sheet, Fig. 1, to obtain the car 
characteristics curves, Fig. 2, proceed as follows: The points on 
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the curves of Fig. 2 that mark the end of running on control 
(V1, T1), (D1, Ti), are found in the usual way from initial assump- 
tions. To find the point (V2, T2) on the speed-time curve, as- 
sume A Vo = (V2— Vi). On the mi-per-hr. scale at the left 
of the motor sheet, find the division representing the average 
speed, (V2 + Vi) + 2. Project horizontally to the speed- 
current curve and from there vertically to the traction-current 
curve. Set one divider point on the traction-current curve and 
the other on the train resistance curve, f, in the same vertical 
line. Increase or decrease the divider setting by the ordinates 
of the proper grade and curve lines if necessary. Slide one di- 
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vider point along the axis of time increments at the upper edge 
of sheet, keeping the points in the same vertical line, until the 
other point intersects the hyperbola whose constant was the 
assumed speed increment. Then the first divider point indicates 
the time increment, A T2, and the second point on the speed-curve 
is determined. Drop vertically from the division A T2 on the 
time increment scale to the radius labelled with the average 
speed, (V2 + Vi) + 2 and read the corresponding distance 
increment on the scale to the right. Proceed thus for successive 
points on the car curves, changing the assumed speed increment 
as desired to gain accuracy. For example, if the coordinates of the 
point (Vi, T:) that terminates linear acceleration are 12.5 
mi. per hr. and 8 sec., and 1 mi. per hr. is the first assumed 
speed increment, 13 mi. per hr. is the average speed and the 
dotted lines and arrows in Fig. 1 show the proper projections. 
A-B is the divider setting for net traction for a level tangent track 
at 13 mi. per hr. This would become A-B less C-D for a 1 per 
cent grade. A-B transferred to the hyperbola, AV = 1, coin- 
cides with A’-B’. Then at A’ is read 0.8 sec., and the dotted 
projection from A’ shows at E that the distance traveled during 
0.8 sec. was 15 feet. 

On the motor sheet may be drawn as many train resistance, 
grade, and curve lines, and as many hyperbolas for different tons 
load per motor, as desired. It seems best, however, to limit the 
curves on one motor sheet to those for only two different motor 
loads, such as motor car with and without trailer, one- and two-car 
trains, etc., and to draw new sheets for widely separate classes 
of service. The labor involved in getting ready for the graphical 
work is so slight that the method Saves time and trouble even 


when one has to plot but a single speed-time curve for a partic- 
ular motor load. 


——— 
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Discussion oN ‘‘GrRapHic METHOD FOR SPEED-TIME AND 
DistaNcE-TIME Curves” (Wooprurr), New York, Nov- 
EMBER 138, 1914. 


Selby Haar: In looking over this paper the thought occurred 
to me that since it is a graphical method it is open to the dbjec- 
tion to most graphical methods, namely, one must be very 
careful in the construction if the results are to be used for any- 
thing more than demonstration purposes. These methods are 
quite frequently used, not so much in railway work as in some 
other branches of the electrical industry, for obtaining guaran- 
tees to be used in contracts, and I have found that they cannot 
be relied upon closely enough for such purposes. 

C. O. Mailloux: The subject of Prof. Woodruff’s paper is 
of special interest to me as a pioneer in that line of technical 
work. I am the author of the paper (‘‘ Notes on the Plotting 
of Speed-Time Curves’’),* published in 1902, to which reference 
is made in the paper under discussion. 

The art of making and using speed-time curves was not old 
in 1902, when my paper was written, for, as stated in the paper, 
the first time that speed-time curves appear to have been used 
in the technical study of railway traction problems was in 
January, 1898, when they were used by Mr. S. T. Dodd and 
myself in an engineering study of and report upon the electri- 
fication of the Manhattan Elevated Railway, made by us at 
that time. The first methods of plotting the curves were crude 
and laborious, and much time and patience were required to 
obtain practical results. Very little progress was made until 
1900, when the subject was taken up again by me in connec- 
tion with the technical study of certain electric traction pro- 
jects. The 1902 paper was written after working nearly two 
years in devising and applying methods of predetermination in 
electric traction problems. The paper, besides giving a rather 
comprehensive general discussion of the fundamental principles 
and considerations involved from the physical and analytical 
standpoints, sets forth different graphical and other methods 
which had been devised and which had been used with satis- 
factory results, at that time, for plotting speed-time curves and 
the various other curves, especially those of train power, and 
energy, etc., designated in the paper as “ subsidiary” curves. 
That paper was the first publication of any kind on the subject, 
and it remained, for some years, the only printed reference to 
it. Although it was a fairly complete résumé of the subject 
for its time—twelve years ago—it does not and could not, of 
course, set forth the developments and modifications which have 
become known since that time. For nearly ten years after 
the paper was presented, I continued to use and to develop 
graphical and other methods of predetermination 1n connec- 
tion with electric traction problems. Considerable publicity 
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was given by me to these later developments in courses of lec- 
tures delivered each year during that period at different en- 
gineering schools, and also in some lectures delivered in Europe. 

Many efforts have been made to find analytical methods of 
predetermination which will render unnecessary the plotting 
of curves of train-motion, train-power, energy, etc., as a function 
of time or distance. The difficulties to be overcome in order 
to accomplish this were mentioned by me in the discussion of 
Mr. F. W. Carter’s A. I. E. E. paper (‘‘ Predetermination in 
Railway Work’’), in 1903. I have, several times since then, 
had hopes of success, which were all, however, followed by 
disappointments; and so these curves still have to be plotted 
“point by point,’ by the aid of graphical methods like those 
described in my paper or by modifications of them. 

The aim of all the methods and of their modifications is the 
same, namely, to reduce the amount of time and work required 
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to plot the curves. Now the part of the work that is most dif- 
ficult and that requires the most time, is the determination of 
the proper precise point at which each portion of a curve ends 
and the succeeding portion begins. There are many conditions 
to be anticipated and to be taken into consideration as causes 
of incidental or of necessary variation of the speed of a train 
or a car in a given “run” between two stations. At one point 
there may be up-grades which limit the speed attainable; at 
other points, down-grades, which would make the speed rise 
too high; and at other points, curves, crossings and bridges 
which limit the speed allowable. In order to deal properly with 
all these independent variables, it is necessary to subdivide 
the total distance of a run between two stops into as many 
portions as there are changes in road and service conditions in 
that run. Take, by way of illustration, a simple run in which 
there are a few changes of conditions (Fig. 1). In the first 
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portion, A, the car, as it starts, runs on a down-grade of 1.34 
per cent for a distance of 0.036 mile; it then comes toa portion, 
B,0.071 mile long, where the down-grade increases to 1.47 
per cent, which causes the acceleration to increase instead of 
diminishing; after that it comes to a portion, C, 0.101 mile 
long, on which there is an up-grade of 0.93 per cent; on the next 
portion, D, 0.057 mile long, there is an up-grade of 1.23 per 
cent, and a curve of 5 degrees; the power is shut off and the car 
is allowed to coast so as to reduce the speed; on the last portion, 
E, 0.071 mile long, the up-grade reduces to 0.13 per cent, and 
the car can continue to coast with less retardation than on the 
previous portion, because the road is nearly level, until the point 
is reached, &’, where the brakes must be applied to bring the 
car toastop. The great difficulty, the time-consuming process, 
comes, as I already said, in finding where to cut these portions 
of a run, A, B, C, D, E, E’, and in joining them properly to- 
gether. The diagram, when completed, (and, by the way, 
I prefer the term “‘ velocity-time diagram,” or else ‘ V-T- 
graph’’ to ‘‘speed-time curve ’’), must satisfy an important 
mathematical condition, which is, that the area corresponding 
to any time-interval whatever between the beginning and the. 
end of the run must be in definite and precise proportion to 
the distance passed over during that time-interval. This con- 
dition is expressed symbolically by a definite time-integral, 
thus: 


the distance passed over in the time-interval t—t’ 
the velocity or speed at any instant of time, t. 

a constant depending upon the scale of the diagram 
and the units of measurement employed for ve- 
locity, time, and distance. 


where S 


eat 


Q where L = a ‘‘scale-factor ”’ 

Now this expression is nothing more nor less than the equa- 
tion of the so-called ‘‘ distance-time curve.’ The quantity 1n- 
dicated by this definite integral is nothing more than the area 
of the diagram or portion thereof comprised in the time-interval 
t—t’, whether this time-interval be that of the whole run, or 
of any portion of it. The distance-time graph (which may be 
also termed ‘‘ space-time ”’ or ‘‘ S-T.”’ graph) plays a controlling 
role in the construction of the V-T graph. Indeed, the V-T 
graph could not be made accurately, if at all, without the in- 
formation which the S-T graph alone can furnish. Unfortu- 
nately, the construction of the S-T graph requires the use of 
some method of integration, either mechanical or graphical, 
and this is the very part of the whole work which almost every- 
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body has found most difficult and tedious. The reason for 
saying “‘almost’’ everybody will be given presently. Those 
who sought to remove the difficulties soon realized that it was 
not possible to do away altogether with the distance-time graph, 
and that the most which they could hope to accomplish was to 
make a simpler and cruder form of S-T graph answer the purpose. 
The characteristic and seemingly novel feature of the paper 
presented this evening is an effort in this direction. 

As the method of plotting described in this paper is an off- 
spring of the ideas and methods set forth in my 1902 paper, 
we may begin by considering the points of resemblance and of 
difference between them. . 

We will first refer to and compare the means used for finding 
“points ’’ in the V-T graph, for plotting that graph; and we 
will then-compare the means for finding the distances corres- 
ponding to the different time-points in the V-T graph. 

Those who are familiar with this subject, and with the use 
of the charts of ‘‘ Coefficients ” and of “ Reciprocals,’”’ described 
and illustrated in my 1902 paper (F igs. 9 and 10), will easily 
see that the same principles are utilized in the construction of 
the “ chart shown in Fig. 1 of this paper. The theory of this 
portion of the method is the same in both cases. There are 
some modifications in details, which presumably were intended 
as improvements. Two of these deserve mention. The first 
one consists in drawing the curves of reciprocals (hyperbolas) 
on the same chart as the curves of tractive efforts correspond- 
ing to motor-power, grades, train-resistance, instead of drawing 
them on a separate chart, as recommended in my paper. This, 


it happens, is just what I did myself at first. I soon found, how- - 


ever, as others surely would, when working continuously for 
weeks and months at a time, in plotting V-T and other time- 
function graphs of train-motion, that while one may need and 
may have to prepare many dozens of different charts of tractive 
efforts and acceleration coefficients to serve for different 
motors, gear-ratios, voltages, train-weights, etc., and also for 
different service-conditions, one single set of hyperbolas (“‘re- 
ciprocals’’), on a separate sheet, will suffice and will serve per- 
fectly well for all the charts of coefficients, and even for several 
persons working on this kind of work; and that, consequently, 
the reproduction of the hyperbolas on every chart is a pure 
waste of time and effort. 

In passing, I may say that the idea of “ lumping in”’ the 
kinetic energy due to rotative parts by using 100 instead of 91.1 
as a constant, is not to be recommended for accurate work, in 
view of the fact that this kinetic energy is never constant, and 
may have values ranging between 3 per cent and 11 per cent. 
It is better, in my opinion, to make the correction for rotational 
kinetic energy Separately, and to make it correctly, for each case, 
especially as it can be done very easily indeed on a “ Chart of 
Coefficients ’’ made as shown in Fig. 9 of my paper, by the 
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addition of one line. The second modification consists in 
replacing the curve of tractive effort as a function of the speed 
(curve M in Fig. 9 of my 1902 paper) by two other curves, one 
giving the speed, the other the tractive effort, as a function of 
the current. Now, it is precisely from these two curves (which 
are shown in Fig. 5 of my paper) that the curve Min Fig. 9 of my 
paper is derived; and these two curves, as used in the method 
described in the paper before us, serve identically the same pur- 
pose, namely, to give the tractive effort as a function of the speed. 
Hence, there is really no difference in the fundamental principle. 
The theory remains exactly the same; only, in my case, the work 
of obtaining from the two curves in question the values of the 
tractive efforts as a function of the speed is performed at the out- 
set, once for all. The curve of these values, which is, by the way, 
a very important and useful curve, is plotted on the chart itself; 
whereas the author of the paper has to obtain the values of trac- 
tive effort from the two current-function curves for each point 
of the V-T curve, which makes the work of using the chart and 
the chances of error both greater. There are at least two prac- 
tical objections to the innovation; first, two distances have to 
be measured, one horizontally, the other vertically, to obtain 
the value of gross tractive effort corresponding to any speed, 
prior to subtracting the loss due to train-resistance and up- 
grades, or to adding the gain due to down-grades (an operation 
which requires still other measurements, and, consequently, 
introduces more possibilities of error), whereas the curve M of 
the chart of coefficients (Fig. 9 of my paper) not only gives the 
desired values directly for all speeds so they can be read off 
without dividers, but it even enables the sum or difference of 
the tractive efforts in question to be read off or measured directly 
at one operation; second, it is not possible with the chart shown 
in Fig. 1 of this paper to determine at a glance, as can be done 
so easily by means of the chart shown in Fig. 9 of my paper, the 
point of zero acceleration, and, consequently, the maximum 
speed attainable under any and all conditions of grades and 
train-resistance, also to determine the acceleration or retardation 
which will occur on any given grades, etc., and to answer various 
other questions which the chart of coefficients can answer readily 
and accurately by the curve M and the curve N (net tractive 
effort) as shown in my paper. The fact is that the curves M 
and N give an actual graphical representation of quantities 
which are of immediate interest and importance, namely, the 
‘‘oross’’ and “net” tractive efforts as a function of the speed ; 
whereas the two curves from which the curve M is derived give 
graphical representations of functions which are not of immediate 
but only of remote or incidental interest. In addition to this, 
the use of the curves M and N makes the operation of finding 
the points for plotting the V-T graph simple and more accurate 
than the method represented in Fig. 1 of the paper. The prac- 
tical value of the modifications just considered does not, therefore, 
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appear to be obvious. To me it appears, on the contrary, quite 
doubtful. Jot 

A word of caution may be added here about taking train- 
resistance formulas at their ‘‘ face value’, or without discount 
or comment. Experience has demonstrated long ago that ‘‘ cir- 
cumstances alter cases’’ very greatly in train-resistance; and 
that the formulas often require considerable change in form 
and in coefficients to make them suitable for different cases. A 
glance at the formulas mentioned in the paper shows readily to 
an experienced person that it is best suited for interurban lines 
running at high speeds on first-class tracks, and wholly unsuited 
for lighter cars or trains run at lower speeds, on city tracks. In 
practise it is necessary to use several curves of train-resistance 
for the same motor-equipment per car or per train. Several 
sets of curves of tractive efforts and train-resistance may be 
drawn on the same chart. I have drawn as many as eight sets 
on the same chart of coefficients; but, as a rule, it is not desirable 
to put more than two or three sets on the same chart. It is 
better to make new charts, which is a very simple matter when 
blank charts are prepared beforehand, as recommended in my 
paper. 

The portions of the chart shown in Fig. 1, so far considered, 
relate to the process by which speed-time curves (or V-T graphs) 
are plotted by a “ point-by-point ” process. In summing up 
what has been accomplished in connection with this portion of 
the subject in the last thirteen years, I feel quite warranted in 
making the statement that all the methods of “ point-by-point ” 
plotting of V-T graphs which have proved satisfactory and 
practical are based upon and embody the ideas and the essential 
features set forth in my 1902 paper. At any rate, although I 
have kept in close touch with this work, I have yet to learn of a 
successful method which is not patterned on the lines therein 
suggested; and, usually, the modifications, if any were made, 
were not of material importance or advantage. Most of those 
who have done work and who have written on this subject have 
acknowledged the original source of the ideas and features 
adopted. In other cases there has been a seemingly studied 
silence on that score; and I have had the interesting experience 
of seeing my own methods, with practically no modification or 
disguise, explained to me by persons who had learned about them 
in Germany and believed that they had—in fact must have— 
originated there. It was a case where the label “ Made in Ger- 
many ” should have read “ Copied in Germany, from the original 
American model ”’. 

We come now to the operation of cutting off V-T graphs, or 
portions thereof, at the proper time-points. We find here a 
marked divergence in views and in methods. The methods 
described in my 1902 paper involve the accurate mechanical 
integration of the actual V-T graph, and the drawing of its 
integral-graph—the distance-time graph—which is represented 
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by the equation to which reference was made a few moments ago. 
The method shown in Fig. 1 of the present paper aims to obtain 
the time-points of distances by a process of graphical integration 
of a modified and simplified V-T graph, in which the instan- 
taneous velocities during a certain time-interval are replaced by 
an “ average ”’ velocity for that time-interval. 

While this part of the work, as already stated, has been found 
very difficult and tedious by almost everybody, yet, paradoxical 
as it may seem, it is regarded by others, including myself, as 
being the easiest and most interesting part of the whole work. 
The explanation of this difference is simple enough. It is the 
difference, merely, between, on the one hand, trying to dodge 
or shirk the task of performing an operation of integration, and, 
on the other hand, making arrangements to do it very accurately 
while doing it easily and quickly—it amounts to a question of the 
facilities available for the mechanical integration of the V-T 
graph, and for drawing its integral line—the distance-time graph. 
Where the proper integrating facilities are available, there cannot 
be the least doubt that the most accurate, as well as the easiest 
and quickest method of finding the definite time-points which 
correspond to given and determinate distances in V-T graphs, 
is by drawing the integral lines of these V-T graphs and by mak- 
ing use of them in the manner set forth in my 1902 paper. All 
those who have done the work or who have seen it done in the , 
proper manner by this method, understand fully why the work 
is both easy and interesting, and why the method is both rapid 
and accurate; and they also can see the drawbacks and diffi- 
culties of all methods which aim to simplify the integral-line of 
the V-T graph or to avoid drawing it. 

I realized at the outset, in entering upon this work, the im- 
portance of having at hand a satisfactory integrating apparatus 
by whose aid integral lines could be obtained quickly and ac- 
curately. Fortunately, such an apparatus was already available 
in the form of an integrating instrument called the “‘ integraph ”’, 
which, as stated in my 1902 paper, ‘‘in addition to giving the 
numerical results of the integration, actually shows the steps 
of integration graphically by drawing the so-called ‘integral’ 
line’. The time required to draw, with an integraph, the in- 
tegral line corresponding to any area is no greater than that 
required to follow with the tracing point of the instrument the 
outline of the diagram to be integrated. The ‘‘scale”’ of the 
integral line can be as easily varied as the ‘‘scale”’ of a planimeter, 
so that it is easy to adapt the area-units exactly to any co- 
ordinate paper, and even to make corrections for the difference 
in various papers due to shrinkage, humidity, etc. The in- 
tegraph is in every sense an instrument of precision as well as a 
great time and labor saving device, of the highest value in work 
of this kind. In one series of predeterminations made under my 
direction, covering a period of about six months, one integraph 
saved over ten times its cost, and greatly shortened the time 
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required for the work, besides adding very greatly to the pre- 
cision of the work done. It is by the aid of this wonderful in- 
strument that the otherwise difficult and tedious tasks are 
rendered easy and interesting. It is important to bear in mind 
that there are other integrations to be performed besides that 
of the V-T graph, for which the integraph can be also used to 
great advantage. As is well known, the V-T graph itself is, in 
reality, merely what might be termed the foundation and scaf- 
folding for the structures which are of real importance and sig- 
nificance, namely, the ‘‘subsidiary ”’ curves, like those of current 
and power input, energy, etc. Now the energy-time curve, 
representing kw-hours, is the integral curve of the power-time 
curve representing kw-input. In Fig. 5 the energy-time curve, 
shown on the upper part of the diagram, was drawn directly by 
the integraph by the integration of the kw-input curve which is 
shown on the lower part of the diagram. The curve was drawn 
in a few minutes, whereas it would have required several hours 
to obtain the same curve by any other process of integration, 
with probably much less precision. The utility of the integraph 
does not end here by any means. For determining, from the 
current-input curve, the equivalent “ heating ’’ current, or the 
r.m.s. value, it is a most valuable labor-saving appliance. The 
manner in which the integraph is employed for such predeter- 
minations will be found describedina special paper onthatsubject, 
presented by me at the Turin Electrical Congress in 1911 (see 
Proceedings of Turin Electrical Congress, II, pp. 990-1016). 
A graduate-student who attended one of my courses of lectures 
and of drafting-room instruction and exercises in predeter- 
minations by the aid of the integraph, informed me at the end of 
the term that he had done easily in less than two weeks more and 
better work than he had been able to do in about two months 
some time before, while employed on the same kind of work in 
the railway engineering department of one of the large com- 
panies. This is a fair sample of the results which indicate that 
the best method is the cheapest. Usually those who have this 
sort of work to do have enough of it to make it economical to use 
an integraph as a time and labor saving device, besides improving 
the quality and precision of the work done. 

I have with me some specimens of V-T and other graphs that 
show the kind of work done by my methods with, of course, the 
aid of the integraph, which I consider indispensable for high-grade 
work. Ialso have some diagrams specially prepared to illustrate 
certain points in the comparison of different methods. 

_ I will first show how easily the operation of cutting off and 
joining portions of a V-T graph can be performed by the aid of 
the integral-graphs drawn by the integraph. I will describe the 
process whereby the different portions (A553 Ce a E’) 
of the V-T graph already referred to (Fig. 1) were constructed 
and joined together. Fig. 2 shows the details of construction 
for portion A only. Fig. 3 shows the details for all the portions. 
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Starting with portion A, the first step was to find the co- 
ordinates of a certain number of points for this portion of the 
graph. This was done by the use of charts of “ coefficients ”’ 
and of “‘ reciprocals ” in the manner described in my paper. The 
diagram of acceleration and retardation coefficients used must, 
of course, be that suited for the particular motor-equipment 
and service-conditions of the case; and it must be specially 
prepared when not already ‘‘instock’”’. Inan office where much 
of this work is done, the stock of graphs of acceleration and re- 
tardation coefficients is being constantly increased by additions 
made from time to time to meet new conditions and require- 
ments, such as changes in type and size of motors, or in h.p. and 
tractive effort available per ton of 
train, also changes in gear-ratio, 
voltage, etc., and changes in train- 
resistance due to difference in track 
conditions, length and weight of train, 
etc. If all the charts of coefficients 
prepared are preserved they consti- 
tute, in time, a large assortment of 
charts covering a great range of con- 
ditions and requirements. As already 
stated, only one chart of reciprocals 
is necessary for any and all the 
charts of coefficients, provided the 
latter are all made to the same scale. 

Using a chart containing the proper 
curves of acceleration and retardation 
coefficients, i.e., the proper curves of 
motor tractive efforts and train re- 291 
sistance as a function of the speed, +o. 
and proceeding in the simple manner 50. 
explained in my paper, the co- 4% 
ordinates for the initial portion of a 
V-T graph are then found for portion 
A, which, as the data given on the 
diagrams indicate, (Figs. 1 and 3) is 
on a ‘‘ down” grade of 1.34 per cent. While each point may 
be plotted from its co-ordinates as soon as these are obtained, 
it saves time to defer doing it until the co-ordinates for a 
number of points have been obtained. When several per- 
sons are employed on the same work, one may find the co-or- 
dinates while another plots the graphs. The points for which 
co-ordinates were obtained in this case are indicated by small 
circles. The co-ordinates are determined so easily and so rapidly 
that there is no objection to plotting the graph considerably 
beyond the point at which a rough estimate indicates that the 
portion will end. The V-T graph for the portion A was plotted 
only ashort distance beyond the right point @ in Fig. 2, but a 
considerable distance beyond that point, 6, in Fig. 6. 
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After a portion of V-T graph of more than sufficient length 
has been plotted and drawn, in pencil, the next step is to find the 
point a, at which the portion A ends. We begin by adjusting 
the integraph to the desired scale, so as to obtain an integral 
line whose ordinate at any time-point, when measured by a 
scale, will give the exact distance covered, up to that point. 
When the same co-ordinate paper has already been used, and the 
scale-factor for the integraph is known, the adjustment can be 
made directly. When the scale-factor is not known, the proper 
adjustment may be obtained by drawing, a number of times, 
the integral curve for a certain definite area of V-T graph cor- 
responding to an exact distance, and varying, each time, the 
adjustment, until an integral graph is obtained of the exact scale 
desired. In Figs. 2 and 3 the scale used for ordinates was 1 mi. 
per hr. = 0.2 in., and the scale used for abscissas was 1 sec. = 
0.1 in. A distance of 1 mile corresponds to a-velocity of 1 mile 
maintained during one hour (3600 mi-sec.), and this would 
correspond on the V-T graph to an area of 0.2 X 0.1 K 3600 = 
72 sq.in. The same area, for a velocity of 18 mi. per hr., or an 
ordinate height of 3.6 in., would correspond to an abscissa value 
of 200 sec. or 20in. ‘Taking a distance of 0.1 mile and a velocity 
of 18 mi. per hr., the time required is 20 sec. The scale of dis- 
tance adopted in Fig. 2 and 3 was 1.25 in. = 0.1 mile; hence 
the integraph required to be adjusted so as to draw an integral 
line whose ordinate at t’ = 20 sec., is = 1.25 in. when the area 
integrated is exactly 7.2 sq. in. The scale-factor should there- 


fore be = —~> = 5.76. This means that’ in the equation 


when S = 1.25 and V and 7 are both expressed in inches, then 


K= ieee if the co-ordinate paper used is accurately 


iD. 0 
divided and requires no correction. In most cases some cor- 
rection is required, as the co-ordinate paper or tracing cloth used 
is seldom exactly right; and the precise values of K will be either 
greater or smaller than the theoretical value. 

In Fig. 2 the inclined right line O S in the lower part of the 
diagram is the integral line or graph which was drawn by the 
integraph when its tracing point was moved, in the upper part 
of the diagram, along the lines O-18, 18-A and A-20, which 
represent a V-T graph of constant velocity = 18 mi. per hr., 
and when the scale-factor L of the instrument was exactly right 
for the co-ordinate paper used. The ordinate of this integral 
line at t/ = 20 is exactly equal to 0.1 mile by the scale of dis- 
tance. The V-T graph of constant velocity = Oils pers, 
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gives an integral line OS’ of half the slope of OS. The inclined 
lines Om and On show integral lines obtained instead of OS 
when the scale-factor, L, was respectively lower and higher than 
the correct value. As it only requires the movement of an 
adjusting screw to change the scale-factor and to draw a new 
integral line, the correct value of L can always be found very 
readily. The time required to make the adjustment is less 
than that required to describe it. In practise, the adjustment 
often remains unchanged for days and weeks at a time. After 
the instrument has been properly set for the paper and the scales 
employed, the next step is to integrate the actual V-T graph 
Oab (Fig. 2), and obtain its integral graph Oxy. Having done 
this, a horizontal line is drawn through the integral-graph at 
the ordinate height corresponding to the actual distance of 
portion A of the run, which is 0.036 mile. The abscissa of 
the point a’, at which the horizontal line intersects the in- 
tegral-line, represents the time at which portion A of the run 
ends; and a vertical line a’-a drawn through a’ will cut off 
the V-T graph exactly at the end of portion A. The process 
of cutting off the portion A is seen more clearly in Fig. 3, in 
the lower portion, where only the integral-graph actually neces- 
sary, Oa’, is drawn. The whole operation only requires a few 
moments. 

The next step is to obtain the co-ordinates for a number of 
points for plotting the second portion B of the V-T graph. 
The process for obtaining the co-ordinates is substantially the 
same as for portion A. In this case the up-grade increases to 
1.47 per cent, and the distance is 0.071 mile. We can start 
plotting the curve anywhere on the sheet, beginning with a 
speed that is somewhat under the speed at the end of the por- 
tion A. A portion of V-T graph is then plotted, counting time- 
values from the first speed-point used. The portion B, as 
shown in Fig. 3 begins with the speed of 12.3 mi. per hr., and 
continues until the speed of 19 mi. per hr. is attained (in about 
33 seconds). After the points have been plotted, and the graph 
has been drawn, the integral-graph for the whole portion plotted 


:”’ a line par- 
nd portion of 
graph at b. This point of intersection b is the proper begin- 
ning of the portion B of the tun. From this point a vertical 
line drawn downward, b-b’, to intersect the second integral- 
graph, gives the “ lower limit” b’ of the definite integral 
representing the distance-time curve for portion B. To obtain 


ee eT eee ey a a ee 


Ty 


oe 
$ OO ee eee 

a a ee ee eee 

eee 


1914] DISCUSSION AT NEW YORK 1689 


the “ upper limit" of the integration required, a line parallel 
with the time-axis is drawn through the point 6’, and from this 
line as a base a vertical distance is marked off, equal, by the 
scale of distance, tothe actual distance for portion B; and an- 
other line drawn parallel with the time-axis through the upper 
part of the distance just marked off, intersects the integral- 
graph at the point c’ corresponding to the ‘‘ upper limit.’’ 
A vertical line c’-c, drawn upward from c’, to intersect the 
V-T graph, cuts it off at the proper ending point c. The 
portion b-c is all that is needed for portion B of the V-T graph. 
If desired, the useful portion can now be shifted to the left, so 
as to bring the point 6 on the point a, thereby joining the por- 
tions A and B together. All that is necessary is to transfer 
the plotted points of portion B to the left by means of dividers 
to a distance equal to a-b. A new portion of graph can then 
be drawn, by means of these points, and the other graph being 
no longer necessary, can be erased. If desired, the useful por- 
tion of the integral-graph can also be shifted so as to form the 
continuation of Oa’ from the point a’. As a matter of fact, 
the easiest and quickest way of making the shift is to integrate 
the useful portion b-c after its transfer, placing the integraph 
pencil or pen on the point a’, so as to make the integral line start 
from that point. The integraph will then draw the portion B 
of the integral graph in the correct relation with respect to that 
of portion A. 

Another plan is to leave the different portions of the run 
separated and to ‘‘ assemble ’’’ them afterwards on a “ tracing.” 
This plan usually takes less time than the other. 

The process of plotting, drawing, and cutting off the useful 
portions of V-T graph for portions C and D is substantially 
the same as for portion B. In portion C the train, though run- 
ning with power, is losing speed, because it is on an up-grade. 
In portion D the power is cut off to reduce the speed, on account 
of a curve which exists on this portion of the run. In portion 
E the coasting continues on a nearly level track until a point 
is reached where the braking must begin in order to bring the 
train to a stop. Now the portions E and E’ together represent 
the final portion of the run, which is 0.071 mile in length. The 
important point is to find out the exact time at which the brak- 
ing must begin. This operation, which is usually very diffi- 
cult by other methods, is rendered very easy by the use of the 
integraph. As the rates of retardation attainable by braking 
are known, the ‘‘slope’’ of the braking portion of the V-T 
graph is also known. This portion can be drawn “ backwards ”’ 
from any convenient point. The coasting curve for the earlier 
portion E of this part of the run is plotted “forward © in the 
usual way from any convenient point, and its integral-graph is 
drawn by the integraph. After the portion D has been properly 
cut off at both ends, its final point g determines the initial 
point A of the portion E by means of the horizontal line g-h 
in the manner already explained. The point / in its turn de- 
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termines the point h’ which is the lower limit of the useful por- 
tion of the integral-line for portions E and EF’ together. The 
upper limit is then obtained by drawing a horizontal line at the 
proper distance (0.071 mile) above the line through h’. Now 
by integrating the braking curve ‘ backwards ” from the line 
of upper limit, the integral-graph of the braking curve will be 
drawn downwards from this line. Any horizontal line drawn 
between the upper and lower limits will intersect the integral 
lines for portions E and E’. The distance from this line 
to the lower limit will correspond to the distance for por- 
tion £ and the distance to the upper limit will correspond to 
the distance for portion E’. Now there is only one particular 
““level’’ at which this line will be correctly located; and this 
level is found quite easily by the aid of the two integral-graphs. 
We may begin by drawing a horizontal line at any level, be- 
tween the two limit-lines. Through the points of intersection 
1, j, of this line, with the integral curves h’i and j/k, vertical 
lines 17 and jj are drawn to intersect the corresponding por- 
tions of the V-T graph. Now if the points intersected ty: Fo 
by these vertical lines are at the same level, so that they can 
be joined by a horizontal line, then the line 7’ j’ was located 
at the proper level; if not, the line i 7’ must be changed to a 
higher or lower level until the points 2, 7, come to the same level. 
Usually the proper location for the line 2’j’ is found by two or 
three trials. In this case the correct location makes the coast- 
ing portion, EZ. 0.050 mile long, and the braking portion, E’, 
0.021 mile long. The different portions may be ‘‘ assembled ”’ 
on the same sheet, by displacing or shifting their useful por- 
tions to the left in the manner explained in connection with 
portion B. The easiest way to “‘assemble’’ them is by the 
operation of ‘‘ tracing” from a sheet, like that shown in Fig, 3; 
The “ tracing ”’ of the completed V-T graph is as shown in Fig.1. 

Although it is more natural and usually more convenient to 
begin the plotting of a V-T graph by the initial portion, yet it 
will be possible to begin the plotting at any other portion. In 
fact, each portion could be plotted on a separate sheet, and by 
a separate individual. The objection to this would be that jt 
would be necessary to plot a much longer portion, because it 
would not be so easy to determine between what speed limits 
the “ useful portion ” of the V-T graph is likely to come. It is, 
_ however, often necessary to plot certain small intermediate 
portions of a run by themselves, and also to do some plotting 
backwards. The necessity for this is apt to occur for portions 
of a run where bridges and sharp curves occur, and where it is 
necessary to coast or put on the brakes in order to reduce the 
speed, so as to keep it below the limit allowable. A case of this 
kind is illustrated in Fig. 13 of my 1992 paper. It is in cases of 
this kind that the superiority of the method just described over 
all other methods becomes evident. 

The run just considered is of simple character, as compared 
with most of the runs which are typical of actual service con- 
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ditions. The conditions were arranged so as to give somewhat 
abrupt changes of acceleration and retardation at the points 
where the intermediate portions C, D, EF, are joined together, 
so as to make the process of cutting off the portions more easy 
to illustrate. Figs. 6 and 5, reproduced from one of my lectures, 
show the details and the completed curves worked out in more 
‘* professional ’’ manner, although the details are not completely 
given in Fig. 6. The complete V-T graph in Fig. 5 was traced 
from the “ portions ’’ as worked out on Fig. 6. The distance- 
time curve was drawn in pencil by assembling the “‘ useful ’’ por- 
tions as shown in Fig. 6, and the whole curve was then “‘ checked 
up”’ by integrating the completed V-T graph in Fig. 5, and 
drawing the integral curve in ink by the integraph, with the 
result that the total error for the whole V-T graph was less than 
the thickness of the integral-line. This fact is mentioned as an 
illustration of the degree of precision obtainable with anintegraph | 
in good condition and used intelligently. The power-time 
(or kw-input) curve was plotted by reference to the completed 
V-T graph in Fig. 5 and it was then integrated by the integraph, 
producing the energy-time curve (kw-hr.). From this curve 
the energy consumption per train, per car-mile, and per ton- 
mile, were calculated, as given on the sheet. The operation of 
plotting the power-input curve is greatly facilitated by making, 
first, a chart which shows the power (kw.) as a function of the 
speed. With the aid of such a chart, the whole operation of 
plotting the power-input graph is performed in a short time by 
the use of dividers. The dividers are first set on the V-T graph 
to the actual velocity at a given time-point. The dividers are 
then transferred to the kw-velocity chart. The kw-input corres- 
ponding to that particular velocity is readily found and, being 
taken by the dividers, is transferred to the sheet on which the 
eraph of kw-input is to be drawn. In some cases other velocity- 
functions, such as the power and energy expended in acceleration 
and the power and energy recovered in coasting, and also various 
other time-functions, like the power and energy expended in 
overcoming train-resistance and lost in the motors, are plotted 
on the same sheet with the V-T graph, and their integral-graphs 
are then drawn by the integraph. From these a complete 
analysis and segregation can be made of all the power and energy 
losses occurring during arun. A complete analysis of this kind, 
which is very simple with the integraph, has never been attempt- 
ed without its aid, so far as I have been able to learn; and the 
simple reason is the difficulty and the great amount of work 
of drawing the necessary integral-graphs in any other way than 
by an integraph. These details, which are beyond the scope 
of the present discussion, are only mentioned here to show 
the far-reaching character of the services which the integraph 
can render as an instrument of precision and also as a device for 
saving time and labor, in connection with work of this kind. \ 
The method of finding distances used in the paper that is 
before us is highly ingenious, though it is not quite new. It was 
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brought to my knowledge a long time ago. _ It has been used in 
Germany many years, and it may have originated there. One 
of the speakers this evening, who himself learned to use this 
method in Germany, will perhaps be able to throw some light 
on the origin of the method. I have never taken much interest 
in methods intended to replace the integraph, because of their 
inherent inferiority and their limitations as compared with the 
methods employing the integraph. 

The objection to these methods is as much of a practical, as 
of a theoretical character. A diagram (Fig. 4) has been prepared 
to make this clear and to show the difference between the two 
kinds of methods. 

The upper portion of the diagram shows a V-T graph of the 
simplest form, comprising an acceleration period O POT SUB 
over a distance of 0.112 mile, a coasting period (x, w) over a 
distance of 0.135 mile, anda braking period (z ts) over a distance 
of 0.033 mile. 

The middle part of the diagram shows the three integral- 
graphs corresponding to these three periods, and their use for 
cutting off the three portions of the V-T graph, and assembling 
them together into a complete V-T graph, in the manner already 
explained. The lower left-hand portion of the diagram illustrates 
the principle of the method used in Fig. 1 of the paper under 
discussion, and its application under very favorable conditions 
to the first portion of the V-T graph. The inclined lines, O-1, 
O-2 20-3 FI ee GF Batis O-16, are integral-graphs similar to the 
lines O-s’ and O-S in Fig. 2. The line O-1 is the integral-graph 
or distance-time graph of a V-T graph of the constant velocity of 1 
mi. per hr.; the line O-2 is the same thing for the V-T graph of 
2 mi. per hr. constant velocity; and so on with the lines O-3, 4, 
ot, to 16. The integral-graph O-9 in Fig. 4, which 
corresponds to a constant velocity of 9 mi. per hr., is the same 
as the graph OS’ in Fig. 2, though it is drawn to a scale that is 
twice as great. These distance-time graphs are all straight lines. 
Each one has a constant “slope ’’ because the V-T graph from 
which it was obtained has the same ordinate value at every point. 
Being straight lines, the distance-time graphs 0-1, 0-2... : 
O-16 can be drawn readily by means of a straight edge; but even 
this simple operation can be performed more easily and accurately 
by the integraph: and the graphs shown in Fig. 4 were so drawn. 

In order to utilize these straight line distance-time graphs, it 
is necessary to modify the actual V-T graph, or to suppose it 
to be modified; in a certain way. It is necessary to assume that 
the actual V-T graph can be replaced, for the purpose of obtain- 
ing its area, by another V-T graph in which the speed-changes 
take place at longer intervals and by sudden transitions from one 
“average ”’ value to another. Thus, in Fig. 4, the actual Vel 
graph, Opqrsuvis supposed to be replaced by the broken line 
O44 AB GD BGT Iy. In that case, the horizontal line 4-A 
represents the “ average ”’ velocity between 0 and 8 mi. pet hr: 


‘Time of Run, 203 Seconds 

Time of Run, 0.0564 Hour I 
Distance, 1.658 Mile 

Mean velocity, 29.4 m.p.h. 


Kw.-hours, per Train, 3.16 
Kw.-hours, per Car Mile, 1.906 
Train-weight, Tons, 35 
Watt-hours, per Ton Mile, 54.4 
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and the other horizontal lines represent average velocities be- 
tween other limits as follows: the line BC, the average between 
8 and 10 mi. per hr.; the line D E, that between 10 and 12; the 
line FG, that between 12 and 13; theline H J, that between 13 
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and 14; the line J v, that between 14and 14.25. The vertical 
line B A is extended downward until it intersects the integral-line 
O 4, corresponding to the average velocity 4A in the V-T graph. 
In like manner, the vertical line DC is extended downward 
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to intersect the integral-line O-g, corresponding to the average 
velocity B C; and the integral-lines O-11, O-13.5, are intersected 
by the downward extensions of FE,HG, JI. As the ending 
point m of this portion of the run is not yet known (being, in 
fact, the very point which is to be found by the method under 
discussion) the vertical line mv’ cannot yet be drawn. In the 
particular mode of using this method which is represented in 
Fig. 1 of the paper, these vertical lines are not actually drawn, but 
an exactly equivalent operation is performed by the aid of di- 
‘viders, namely, the operation of cutting off the pieces of distance- 
time graphs which are shown by heavier lines (0 A’, B’C’ D’E’, 
F’G’, and H’'I’)in Fig.4. As it was desired to attain the very 
best precision possible, great care was used in drawing these 
vertical lines, to ‘‘ locate ’’ them properly and to draw them all 
exactly parallel to the V-axis. It is obvious that a very slight 
shift of the lower end of any of these vertical lines to the right or 
to the left would alter the length of the portion of distance-time 
curve that is cut off by that vertical line: and it is also obvious 
that the same actual amount of shift will make a greater dif- 
ference for the distance-time graphs corresponding to high 
average velocities than for those corresponding to lower velocities, 
because their ‘‘ slope’ is greater. 

In using dividers instead of drawing lines to find, from thepoints 
A C EGI, the intersections A’, B’, C’, D’, etc., there is always 
a possibility of a slight error, due to the ‘‘ shift ” just mentioned 
in locating the ten points A’, B’,C’ . . . . J’, as it is very 
difficult to set dividers by the eye so that their points are exactly 
on a line parallel with another line, especially if the other line is 
at a little distance. There are still other chances of CITOTs | elo 
obtain the exact distances corresponding to the five portions of 
straight-line distance-time graph (O-A’, BeC DE Fees 
and H’ -I'), the geometrical projection of each of these portions 
on the Y-axis, 7.e., on the distance-scale, must be made. This 
work, which has been done in Fig. 4 by drawing, with very great 
care, horizontal lines through the points A’, B’, etc., has to be 
done by dividers in the case represented in Fig. 1 of the paper. 
Hence there are 20 operations to be performed with dividers, 
exclusive of those required for the final portion (J’v’), which is 
still undetermined. We must now obtain the sum of these 
projections, which will represent the distance from the beginning 
of the run to the point Z; and we must subtract this sum from the 
known total distance for the first portion of the tun, which is 
0.112 mile. The sum may be obtained by dividers. In Fig. 4, 
each projection was very carefully measured by a finely graduated 
scale. The values found were: 


Projection of 0 —A’..) oe 0.011 mile 
: fo pee Cle dete aa ee 0.009 ‘ 
- oe anaes 0,021 si 
os rE GP eee ae 0.020 * 
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Subtracting this sum from the total distance (0.112 mile) 
leaves 0.018 mile for the last part of the acceleration period of 
the V-T graph. Having decided upon an average velocity for 
this portion Jv, a distance-time graph for that velocity (14.25 mi. 
per hr.) is drawn in the lower part of the diagram; anda portion 
thereof is cut off, J’ v’, whose projection on the scale of distance 
is equal to 0.018 mile. By drawing a vertical line v’-v through 
the upper end v’ of J’v’, we find the point of cut-off, m, for the 
V-T graph. The number of operations required with dividers 
has been increased by at least four, making a total of twenty-four 
for the acceleration period. It was possible to decrease the 
number of operations by reducing the number of “steps ”’ of 
average velocity in the modified V-T graph; but this would have 
increased the error in another way, since the difference in area 
between the actual and the modified V-T graphs would then 
increase materially. 

Let us now compare this method with the method employing 
the integraph. The operation is found to be exceedingly simple. 
We integrate the actual V-T graph O pqrs uz, as far as we like, 
by the integraph, obtaining the integral graph Oabcegit. We 
then draw vertically from the base-line of the integral-graph a 
line equal by the scale of distance to 0.112 mile. A horizontal 
line through the upper end of this line intersects the integral- 
graph at the proper “‘ ending ”’ point ¢, anda line t-n drawn 
vertically from this point to the actual V-T graph cuts it off at 
the proper point x. The ending point, m, obtained by the other 
method is fairly near the correct point, n, because special efforts 
were made to secure the greatest possible accuracy by eliminating 
the use of dividers. When the different operations involved are 
performed with dividers, the difference between the points m and 
n may vary considerably. 

The chances of error from the ‘‘ modification’ of the V-T 
graph would not be so great if the integration of the modified 
V-T graph were performed by the integraph, and the results 
obtained by one operation. This is shown in Fig. 4, where the 
integration of the modified V-T graph was actually ‘‘ superposed”’ 
by the integraph upon that of the actual V-T graph. The 
straight line integral-graph O A’ forms a “ chord ” to the portion 
Qab. The other straight line integral-graphs (B’C’, etc.) also 
form ‘“‘ chords”’ to the actual integral-graph, which are visible 
in the lower portion, but practically coincide in the upper portion. 
The principal difficulty with the graphical method comes in 
assembling the partial integrations into a complete whole. This 
explains the statement already made that the difference between 
the two methods is as much of practical as of theoretical character. 
It amounts substantially to this: Whereas the integraph method 
enables the entire integral for any portion of V-T graph to be 
obtained, and the desired value to be determined by one single 
operation, the same integral, when obtained by the graphical 
method, can only be obtained in sections, which have to be joined 
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together and summed up by methods which not only consume 
time but introduce chances of error. 

The simplicity of the method employing the integraph is 
further shown in the coasting and braking portions of the run. 
A horizontal line v w gives the “ entering ” speed for the coasting 
portion. The vertical line w t’ gives the starting point for the 
integral-graph t’y. This graph, cut off at an ordinate height 
equal to the proper distance (0.135 mile) gives the point of cut- 
off, y;and the vertical line yx cuts off the V-T graph at the right 
point. A horizontal line, x z, gives the “‘entering”’ speed for the 
braking portion. The coasting and braking portions, when 
determined, are “ shifted” to the left in the way already ex- , 
plained and as shown by dotted lines, so as to give the completed 
V-T graph. 

In reply to the criticism made by Mr. Haar in this discussion, 
in regard to the accuracy of these methods, I may state in general 
that the accuracy is to a great extent within the control of the 
person making the predeterminations. I can speak from abund- 
ant experience, having seen the work done in many different 
ways, and I know that the percentage of accuracy depends greatly 
upon the person doing the work. It depends, to some extent, 
on the accuracy of the formulas that are used for train-resistance, 
upon the scales on which the drawings are made, and the pre- 
cision of the methods of integration used. Where it is necessary 
to use average-velocity values and to determine the distance 
step-by-step, and especially when using dividers, one is liable to 
make cumulative errors, as already pointed out. These errors 
are eliminated if we are integrating for a whole section of line in 
one piece by means of an integrating device such as an integraph. 
So that, necessarily, a method involving the use of an instrument 
like the integraph is apt to be more accurate, especially if the 
scale is not too small and the drafting is done with some pre- 
cision and accuracy, and also if the number of points determined 
is sufficiently great. In my lectures on the subject, I have 
shown the errors which result from making the “ steps’ or 
changes in velocity too large in plotting the V-T graph. It is 
possible to take rather large velocity-steps or changes at certain 
parts of the V-T graph and still have a fairly high degree of 
accuracy; but at other parts it is not wise to do so. In order to 
obtain a certain degree of accuracy, one must plot the curve 
with reasonable care and use a sufficient number of points. In 
any case, there should not be any difficulty in obtaining as close 
a degree of precision of predetermination by that method as by 
any other method used in the drafting room in electrical en- 
gineering. 


The subject is so broad that only the simplest features of it 
will be considered in what follows. 
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Engineers are quite often confronted with such problems, or 
troubles, as, for instance, the necessity of fuses of abnormal 
amperage for starting a comparatively small motor; or, for 
example, the apparent weakness of the pins of a shaft coupling, 
of the ropes of an elevator, of a car coupler, of a shaft or its key, 
eve. 

In all these instances the factor of safety, adopted in the design, 
may have been quite liberal, and the whole trouble arises from 
the fact that, in starting, this factor of safety may shrink down 


Fic. 7 


to almost nothing, while being altogether sufficient for steady 
running. 

In schools we are taught to design a shaft or a coupling for so 
many h.p. and so many rev. per min. without being in the least 
concerned as to how it gets there. And in dynamics we some- 
times deal with problems, where the acceleration is changing 
uniformly, or, very seldom, is varying according to some pre- 
scribed law, purely arbitrary and from engineering viewpoint, 
meaning absolutely nothing. 

Yet there are certain limitations in the phenomenon of starting, 


—- 


v Axis 


1 t Axis 2 
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certain things which may take place and others which cannot 


take place at all. 

The proposed curve, while not at all universal, may be of 
considerable use in practise, both in designing and in testing 
machinery. : 

If time, ¢, in seconds, be taken as abscissas, and the speed, v, 
(in ft. per sec. or in rev. per min.) be laid off as ordinates, then 


the proposed equation is 


1 
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where N is the normal speed (linear or rotational) and 6 and ¢ are 
constants; e being, of course, the Napierian base = 2.71828. 

It is easy enough to see that, in the beginning of motion, when 
t = 0, v also reduces to zero; while after a considerable period 
of time, when ¢ is very great, b # + ct tends to infinity, so that v 
reaches its normal, maximum, value, N; but ¢ does not have to 
be infinite, in order that the speed may reachitsfull value. It 
will easily be seen that when the exponent, b# + ct, equals only 
4.5 or 5, the speed is already over 99 per cent of the normal; so 


1 2 


J—_____ 
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that, for practical purposes, 5 or 5.5, at the most, is the maximum 
value required for the exponent b #2 + ct. Thus, for instance, 
if 6 = landc = 4, then the full speed is reached practically in 
one second. 

This curve will be smooth in appearance (Fig. 7) as shown 
by a or b. In general it can be said, before any investigation 
has been made, that one’s common sense will more readily 
accept this curve as likely to illustrate the true nature of start- 
ing, than for instance the fancy curve of Fig. 8, which is quite 
impossible, or for that matter, the curve of Fig. 9, which is rather 


v Axis 


1 t Axis 2 
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improbable in practise; the latter curve, where the speed is 
merely proportional to the time, means that the acceleration is 
constant and corresponds simply to the case of falling bodies 
having, as a rule, no place in the dynamics of starting. The 
curve shown in Fig. 10 is perfectly feasible, but it merely con- 
sists of several separate curves, each similar to that of Fig. 7. 

To return to the archoid: the coefficients 6 and c are not 
necessarily positive, but cannot be both negative at the same 
time; one of them can be 0; if 6 = 0, we have what may be 
called the simplified curve, in contradistinction to the complete 
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curve, in which either c alone is = 0, or both 6 and ¢ differ 
from zero. A very great variety of curves may thus be derived, 
depending upon the values of the constants b and c. 

The simplified curve 


1 
o=N(1-—). (2) 
for c = 0.5, 1, 2 and 5, is given in Fig. 11. The complete 


SPEED N 


curve is shown in Fig. 12; here b has been taken as = 1, while 
c has been given values 0.2, 0.5, 1 and 1.2. 

The simplified curve may answer in a great variety of cases; 
its layout is particularly easy, especially if a table of multiples 
of the common logarithm of e, say from 1 to 100, has been com- 
puted once for all (e¢ = 2.71828; its common log = 0.43429). 
The slide rule can be used for calculations. The simplified curve 
cannot have any points of inflection. 

The complete curve may or may not have a point of inflec- 


SPEED N 


TIME 
Bie. 12 


tion, regarding which a few remarks will now be made. We know 
from the elementary calculus that, in order to have a point of 
inflection, the second derivative must vanish. This, in our 
case, leads to the quadratic expression 


Ab? + 4 bct + (A —20)..... (3) 
= / 2b J 
If this = 0, the roots are = ees Hence, if the 


curve is to have a point of inflection, b cannot possibly be 
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negative. If ¢ is positive, there will be only one point of in- 
flection, namely, if W2b is greater than’ ¢, -Ifc is negative, 
there might be one point of inflection, 7.e., if c is less than V2b : 
or, if c is greater, in absolute value, than V 2b, there will be 
two points of inflection. 
TRUS bor 2) Coe 3, will mean that there are two points 
of inflection, at 5/4 and z; whileb = 2,¢ = — 1, will mean only 
one point of inflection, 7.e., at ¢ = 3. If, however, the expres- 
sion (3) is not = 0, there cannot be any points of inflection. 
The great importance of the points of inflection will become 
more apparent after their dynamical meaning is explained. 
Prior to that we will say a few words regarding the accel- 
eration as given by our curve. It will be readily understood 
that the first derivative of (1), or, which is the same thing, 
the tangent of the angle a, (Fig. 13), represents the accelera- 


lanes wig 


tion of motion as characterized by the curve. The analytic 
value of the acceleration is, therefore, 


2bt+c 
a= N Serre 2 areeenr (4) 


which, for the simplified curve (b = 0) becomes 


(5) 


The Fig. 14 shows the acceleration curve for a simplified 
curve (b = 0,¢ = 1); while Fig. 15 gives the acceleration curve 
for a complete archoid (6 = 1,c = 0.5). 

One point of inflection means the maximum acceleration, 
while two points of inflection mean, in our case, that at least 
one of them will correspond to maximum acceleration. 


ett 


somewhere between the beginning and the time at which the 
full speed is reached. 
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It is of extreme importance for a practical man to know when 
this occurs and to have an idea, even if only approximate, as 
to the value of the acceleration. Only having these data in 
mind can the designer lay out a machine in which the factor 
of safety will not be lower, at any time, than the value originally 
intended. Any other ‘“‘assumption”’ is mere guesswork. It 
will of course be remembered, that linear acceleration, if multi- 
plied by the mass, gives the acting force; while, in rotary motion, 


SPEED N 


Acceleration 


TIME 
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the angular acceleration, when multiplied by the moment of 
inertia, gives the acting torque (or moment) at that time. 

In practise,the only difficulty will be'the finding of the constants 
b and c. They cannot be very well figured out and will have 
to be determined from tests of machinery of similar types. 
In order to facilitate matters it will be of advantage to remem- 
ber that the area of the archoid (Fig. 16), for any time #, repre- 
sents the space (linear or angular, according as we have trans- 
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TIME 
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lation or rotation) traveled since the beginning of motion. In 
practise it will be found much easier to measure this than the 
actual velocity, corresponding to the given time ¢. This re- 
mark may help to find a few of the values of v, say V1, V2, U3, 
corresponding to time /1, fa, fa; remembering, also, that we have, 
at the end of the starting period, (when the full speed has been 
reached) v = say N and t = T, we thus have several (say four) 
sets of data, from which to determine 6 and ¢. 

Using the elementary rules of the theory of least squares 
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we tow proceed as follows: let us denote b+ ct simply by A, 


so thatds=1V (1 — L). ...[see (1)], whence A = log, 


N-v 


=, say, B. 

Now, from our observations, we have the so-called observa- 
tion equations, corresponding to various values of ¢ and v, as 
for instance fy, v1; to, U2; tz, v3; and, finally,-T and N. 

Thus we have A; = B,; A, = By; etc. etc., or 


bt? ob Cty => By, 

bt.2 + Clo = Bs ; (6) 
bts? + ES Bs; a, 

bI*- cl = B; 


These are our observation equations. From these we form the 
so-called normal equations:in order to do so, we first multiply 
each equation of the group (6), throughout, by the coefficient 
of 6 in it, and add the results; then, second, we multiply each of 


Fic. 16 


the equations of the group (6) by the coefficient of ¢ in it, and 
add the results. 


Thus we have two normal equations 


DS r ta* eft 4) aed at teats 7) 
— Bit? + Bg te? + B; t3? + B, [2 ChOnG 
b(t + te? + #8 + T%) + ¢ (t:? + to? + t3? + 7%) 
= Bit, +-Be te + Bats + By T 
from which we can readily determine b and c. The equations 
(7) are so easy that no general formula will be given for their 
solution. 

As soon as 6 and ¢ are known, we need not really go to the 
trouble of plotting the archoid itself, unless we have any special 
reason for so doing; all we have to do is to introduce the con- 
stants b and ¢ into the expression (3) as well as into the equa- 
tions (4) or (5). This will give us what we want to know most 
of all, the value of the acceleration, and the points of inflection, 
if any. 

If this article is somewhat lon 
desire to make it easy for th 
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€ practical engineer. A mathe- 
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matician would understand everything right from the ‘first 
glance at the proposed formula (1). 

The writer sincerely hopes that the archoid may be intro- 

duced into practical life, where it might clear up more than one 
mystery. 
_ Note. The Integral Curve. The object of the archoid 
is to obviate, as much as possible, the necessity of graphical 
methods: the time-speed curve is plotted from actual observa- 
tions, then the constants are derived from it and, finally, the 
acceleration is found by substituting the latter into the corres- 
ponding formula. 

_ But, in some cases, especially where motion in general is con- 
sidered (and not only the starting or accelerating period), it 
is necessary to use graphical methods, and in this connection 
a few words may be mentioned here regarding the integral, 
curve, which is so useful in such investigations. In fact this 


y 


curve can be used in many branches of engineering, but we shall 
limit ourselves to its application to the time-speed problems. 

A curve B (Fig. 17), of which any ordinate y represents to 
some certain scale the area of another curve A, corresponding 
to the same abscissa x, is called the integral curve of the pro- 
posed curve A. Conversely, A is called the differential curve 
of B. Being given either curve we can readily construct the 
other curve, as will be presently explained. 

It will be easily seen that, in our original problem, the ar- 
choid, or in general the time-speed curve is really the integral 
curve of the time-acceleration curve; on the other hand this 
same time-speed curve is the differential curve of the time- 
distance curve (we mean distance in general, that is, in angular 
sense for rotation and in lineal sense for translatory motion). 
So that, dynamically (not electrically), the characteristics of 
the motion are known just as soon as we have the time-speed 
curve, since both the acceleration and the space can be immedi- 


ately derived from it. 
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The following general remarks regarding the integral. curve 
can here be made: 

1. The integral curve of any given or proposed curve can 
readily be constructed with a great degree of precision by means 
of an ordinary planimeter, 

2. The inverse process of finding the differential curve of 
a given or proposed curve is less accurate (Fig. 18): here, for 
any point 6 of the proposed curve B we find the corresponding 
point a of the required differential curve A as follows: from 
f we lay off a suitable constant k to the left and then through 
1 we draw a parallel to the tangent ¢ to the proposed curve at 
b. The constant & is really arbitrary and is chosen so as to 
secure the curve A to the desired scale. 

3. If the proposed curve is parallel to the axis of x, the integral 
curve will be a straight line through O (Fig. 19). r 
_ 4. If the proposed curve is a straight line through O (Fig. 20), 
the integral curve will be a parabola, tangent to the axis of x 
at OQ. 


The integral curve possesses many other most interesting 


y 
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properties, which will not be gone into in this communication. 
It is possible to design special planimeters, called integraphs, 
to draw it mechanically. It appears that Dr. Mailloux, who 
is a well-known expert on such matters, has even Succeeded in 
constructing a device for the inverse problem, that is, for drawin g 
the original curve from a given integral curve. 

Bid Castigliongs© Ian winch interested in the subject. of 
Speed-time curves. I am one of the few persons in this country 
who have made a specialty of this line of work. I do not refer 
to the kind of speed-time diagram work represented by the dia- 
gram for a so-called ‘“ average run ”’—which is a rather ele- 
mentary piece of work—but I mean high-grade work of the kind 
referred to by Dr. Mailloux, speed-diagrams which take into 
account every change of grade, every “ slowing down ”’ in train- 


speed due to track-curves, crossings and bridges and other 
Service-conditions. 


I learned the methods which I use for doin 
Germany some years ago. I did not know, at 
origin. It is only recently that I learned of th 
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of Dr. Mailloux, and of his celebrated paper published in the 
A. I. E. E. PRocEgEpines in 1902. 

The matter of greatest importance in any method of plotting 
speed-time curves is, as Dr. Mailloux has pointed out, to deter- 
mine when to stop, in going along with the speed-time curve for 
a given grade, so as to conform at the right time and place to 
the new conditions for the change of grade for the next portion 
of the run. 

Use has been made for many years of auxiliary curves of 
distance-time, based upon average velocities, for determining 
distances, as is done in Fig. 1 of Professor Woodruff’s paper. 
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The arrangement of these curves which | have used (Fig. 21) is 
a little different, and I think has advantages in some respects. 
The method which I use, in preference to all others, for cutting 
off portions of speed-time curves at the proper points, involves 
the construction of the speed-distance curve. The speed-distance 
curve is a curve very much like a speed-time curve, and it is of 
interest and utility aside from its use in giving the proper dis- 
tance-points for the speed-time curve. The speed-time curve 
is of interest to the motor manufacturer as a means of determin- 
ing the power and energy consumed, but to the operating man, 
the speed-distance curve is really of greater interest than the 
speed-time curve. By the method which I use both of these 


curves are plotted on the same sheet. 
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The conditions under which we have to work in making pre- 
determinations by means of speed-diagrams are usually more or 
less the same. We have the detailed profile of an existing or 
proposed road; we have information about the speed-require- 
ments and regulations prescribed, the weight of the train, the 
number of driving motors, the required schedule-speed, and the 
specification of the number and length of stops. Previous 
experience with similar cases, or else an approximate predeter- 
mination by reference to an “‘ average run ’’, will tell us the motor 
capacity and gear-ratio, which should be chosen tentatively. 
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We are to ascertain, by the aid of speed-diagrams, if the pro- 
posed schedule speed can be attained, and what will be the 
temperature and the power-consumption conditions with the 
motors and gear-ratio under consideration. 

I will describe briefly the method of plotting speed-curves 
which I use. It is a German method, which I have simplified 
somewhat and adapted to American units. 

For using this method certain curves similar to those used in 
the Mailloux method must be plotted on a “ chart”. The 
characteristic curve of the motor that is to be used is plotted 
by reference to speed and tractive effort as co-ordinates, This 
gives the motor-curve M in Fig. 22. By reference to a suitable 


1914] DISCUSSION AT NEW YORK 1707 


formula for train-resistance, a curve, R, is plotted to represent 
the tractive effort requisite to overcome the train-resistance for 
the weight of train per motor, (which is assumed to be 10 tons, 
in Fig. 22). The curve R is plotted to the left of the axis of 
speeds, O Y, but with the same scale of values as for the curve M. 
From the curves M and R a curve of net tractive efforts, M’, is 
obtained by plotting the curve M anew from the curve R as a 
base, instead of the speed-axisO Y. At any given speed, the 
motor tractive effort, CD, measured from the curve M, will be 
the same as the tractive effort A B, measured from the curve 
M’;and as the portion A C = B D represents the tractive effort 
expended in overcoming train-resistance, the remainder, C B, 
will represent the net tractive effort available for producing 
acceleration. 

The retarding forces due to up-grades and the accelerating 
forces due to down-grades, are also taken into account by an 
adaptation of the Mailloux method. Lines corresponding to 
different grades (1 per cent, 2 per cent,"3 per cent, etc.) are 
drawn on both sides of the speed-axis, O Y, the lines for up- 
grades being on one side, and those for down-grades on the other, 
as in the Mailloux ‘‘Chart of Coefficients.’’ The difference be- 
tween the two charts in this respect is that the grade-lines on 
the Mailloux chart are based upon forces per ton, whereas in 
this case they refer to forces for the tons of train-weight per motor. 
The chart shown in Fig. 22is used to obtain the net accelerating 
and retarding forces in substantially the same manner as the 
chart of coefficients of the Mailloux method, but the values 
obtained are expressed in different units. The net accelerating 
force, which is equal to the distance, C B, between the curve M’ 
and the axis O Y, for a level track, becomes decreased to CB 
for an up-grade of 1 per cent, and increased toBC+EC=BE 
on a down-grade of 1 per cent. The net accelerating and re- 
tarding forces for other grades are obtained in like manner. 

For plotting the speed-curves, a strip of cross-section paper 
is used, of width suitable for the scales desired for speed, current, 
power, etc., and of length suitable for the total distance of the 
run or series of runs to be plotted. On this strip of paper, time 
and distance are both measured by horizontal distances. pbive 
distance-scale is continuous, but the time-scale starts anew at 
each station. The fact that the distance-scale is continuous 
enables all the stations, grades, curves, and the speed-regulations 
for crossings, bridges, etc., to be indicated at the proper points, 
on the sheet, before beginning to plot the speed-curves. 

We first ‘plot the portion of speed-time curve for the beginning 
of the run. This is an inclined straight line below the critical 
speed, v, Fig. 22, at which the accelerating force ceases to be 
constant (as represented by the dotted line wz) begins to decrease 
with increasing speed in the manner shown by the motor-curve 
M. After the straight-line portion of the speed-time curve is 
plotted, the corresponding portion of the speed-distance curve 
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is drawn. This is not a straight line, but a curved, parabolic 
line, the necessary points for which are obtained by a simple 
calculation, from the area of the initial portion of the speed- 
time curve (which is that of a right-angled triangle). It can be 
shown that the distance covered in a given time during the initial 
portion of the run is equal to the speed squared divided by a 
constant, which is proportional to the acceleration, and depends 
also upon the units employed for speed and distance. The 
co-ordinates of these parabolic curves vary with the grade. 
The necessary points for plotting them for a few grades are 
obtained by calculation; and the curves for all the grades can 
then be plotted on a separate sheet, from which the points 
required for plotting portions of these curves may then be taken, 
as wanted. The braking curve at the end of the run may then 
be drawn. It is also an inclined straight line, and, consequently, 
the corresponding speed-distance curve will also be of parabolic 
form, and the necessary points for plotting it can be determined 
in the same manner‘as for the initial portion of the run. To 
plot the speed-time curve between the initial and braking por- 
tions, a step-by-step process is employed, as in the Mailloux 
method and its modifications. Having determined upon the 
speed-increment which is to be used in plotting the curves 
(say, for instance, supposing we are taking AV = 2 mi. per hr.), 
we can use the well-known hyperbola, as first employed in the 
Mailloux method, for finding the time-increment corresponding 
to the average net tractive effort obtained for that speed-in- 
crement, from the curves in Fig. 22. Fig. 21 shows the hyperbola 
in question. The average tractive effort, for any speed-incre- 
ment, is taken off from Fig. 22, and is transferred by dividers 
to Fig. 21. Supposing it to be equal to BCin Fig. 22, then, in 
Fig. 21 the vertical distance B C will correspond to the time 
intervalO C. Ifthe net tractive effort is B C’in Fig. 22, then, 
in Fig. 21 the corresponding time-interval will be O C’. The 
time-increment thus obtained is transferred to the plotting 
sheet by dividers. The distance-increment is determined from 
the time-increment by a method which is practically the same 
as that mentioned in Professor Woodruff’s paper, namely, by 
the use of a set of integral lines, each of which corresponds to 
an “ average ”’ velocity. These integral lines are shown in 
Fig. 21, for average speeds ranging from 10 to 30 mi. per hr. 

The time-scale for this portion of Fig. 21 is the same as that 
for the hyperbola and for the plotting sheet. The distance- 
scale is the same’as that used on the plotting sheet. The time- 
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per hr. for the case shown in Fig. 21). When this line is reached 
the vertical distance from the time-axis, L C = OL, or L'C' = 
OL’, according to the case, is the required distance-increment, 
which is then transferred by dividers to the plotting sheet, and 
laid off horizontally from the last point plotted. The speed- 
distance curve is then plotted to this point by making the speed 
at that distance-point exactly the same as the speed at the cor- 
responding time-point of the speed-time curve. The next, and 
all succeeding points are determined and plotted for both curves 
in the same manner. Thus, both the speed-time and distance- 
time curves are plotted simultaneously, step-by-step, the speeds 
going upwards for acceleration and downwards for retardations, 
the proper net values of tractive effort being taken, in every case, 
from Fig. 22, for the grade, etc., for the corresponding portion 
of the run; and it is the speed-distance curve which shows at 
what point on the line the train is, and which indicates where a 
given portion ends and a new portion begins. When the “run”’ 
is completed, the accuracy of plotting may be checked up by 
planimetry of the area of the speed-time curve. With ordinary 
care in the plotting, the difference between the actual and the 
theoretically correct curve ought to be within 3 per cent, which 
is satisfactory, considering the fact that the motor-curves are 
likely to be from 3 per cent to 5 per cent off the correct values. 

The use of the speed-distance curve to supplement the speed- 
time curve, and to assist in its construction, is the characteristic 
feature of this method, distances being represented in all other 
methods by a distance-time curve, in which the scale of distance 
is vertical instead of horizontal, and therefore much more limited 
than in this method. The speed-distance curve, aside from its 
greatly facilitating and expediting the operation of cutting off 
and connecting the different portions of runs at the right time 
and distance, has the advantage of furnishing a curve similar to 
the speed-time curve, which gives information of interest to the 
operating department of the road because it shows the actual 
speed at every portion of the distance, whereas the speed-time 
curve only shows the speed at every instant of time. 

I have used this method with success for extended and com- 
prehensive studies of electric traction possibilities, in important 
cases like the Pennsylvania electrification at Philadelphia, the 
elevated and subway systems in New York, etc., where there 
were many different kinds of trains and schedules to be considered, 
for all which predeterminations had to be made. An idea of 
the rapidity of this method may be obtained from the sample 
curves which I have with me.* Two of these curves refer to 
16 miles of road with 25 stations, 145 changes of grade, 50 curves, 
and a few speed-regulations. The actual work of plotting of 
these curves in pencil was done in 25 hours and 15 minutes. AN} 
do the same work by calculation methods instead of this 
graphical method, would have taken at least five times more 


time. 
*Curves exhibited at meeting but not embodied here. 
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F. E. Wynne: The method shown in the paper is apparently 
a slight modification of a method described by Philip Dawson 
in his book, Electric Traction on Railways, in that the derived 
hyperbola and nest of straight-line curves have been superim- 
posed upon a motor curve plotted in the usual form. While 
this and other graphic methods undoubtedly save considerable 
time where a large number of car performance curves must be 
plotted for varying service conditions, yet I am unable to agree 
with the author that his method saves time ‘‘ even when one has 
to plot but a single speed-time curve for a particular motor 
load’. Considerable observation leads me to believe that the 
step-by-step method of calculation and plotting speed-time 
curves, together with the use of a planimeter which eliminates 
the necessity for the speed-distance curve or time-distance curve, 
is more rapid than any graphical method where not more than 
three speed-time curves have to be made for a given weight per 
motor. 

Experience in instructing students and others has convinced 
me that students in particular should become thoroughly familiar 
with the step-by-step process before being permitted to resort to 
graphical processes, because byintelligently followingthe step-by- 
step method, they secure a much clearer understanding of the 
actual mechanics of car performance. After they have such an 
understanding, graphical methods are of great assistance in re- 
ducing to a minimum the labor involved in calculating a large 
series of performance curves. 

N. W. Storer: The description of the method which Mr. 
Mailloux offers tonight is of the greatest interest to us all, and 
we shall be very much interested in seeing it amplified and written 
out, accompanied by the curves. It looks like a very simple 
and accurate method. 

Mr. Castiglioni’s method I can vouch for as quite reliable and 
accurate, as well as quick. He did considerable work in my 
sight some few months ago, and I can say that it was very well 
and quickly done. There are any number of these graphical 
methods, all of which are of advantage, especially to the men who 
have worked them out. Any man who gets used to working on 
one particular scheme is going to be at a disadvantage, when he 
attempts to work on some different method, but I think we all 
recognize that each of them has certain advantages. 

E. E. Kimball: In the short time which remains I wish to 
hurry through a description of two typical railway motor char- 
acteristic curves and show how valuable the slide rule is as a 
handy substitute for the characteristic curves of an actual rail- 
way motor. The steps leading up to the selection of a motor to 
do a given service without overheating, usually require exactly 
similar calculations or follow the calculations of speed-time and 
distance-time curves, but there are some short cuts which will 
lead to a close approximation of the size of motors required. 
Furthermore, the ordinary characteristic curves giving speed, 
tractive effort and efficiency of a railway motor, do not contain 
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sufficient information regarding the resistance and core loss of 
the motor for.one to determine the losses which have to be rad- 
iated In service or to correct a characteristic curve for a change 
in voltage conditions. From an analysis of these characteristic 
curves the writer expects to point out a procedure which he has 
found to be very useful in supplying this information when re- 
quired. 

The so-called polyphase slide rule—Fig. 23—is the same as 
the ordinary slide rule except that it has two additional scales; 
one in red between the B and C scales, which is the C scale 
inverted (reversed), and the other on the edge of the rule, which 
is the scale of the cubes of numbers on the D scale. If the ends 
of the scales are made to coincide as shown in Fig. 28, and values 
read from the CI and cube scales are plotted against corres- 
ponding values from the A scale as abscissas, the curves which 
result resemble the characteristic curves ofad-c. railway motor 
as shown by the dotted lines of Fig. 24. That is, from the “‘A”’ 
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seale is read per cent amperes, from the middle scale per cent 
speed, and from the scale on the edge of the rule percent trac- 
tive effort. The setting of the slider in Fig. 23 gives the read- 
ings of speed and tractive effort corresponding to 160 per cent 
normal amperes; that is, 79 per cent speed and 203 per cent trac- 
tive effort. In Fig. 24 are shown in solid lines the charac- 
teristic curves of a composite or typical railway motor in which 
the values are given in percentages of the one-hour rating of the 
motor. If the dotted lines are accepted as representing the 
relation between the amperes, tractive effort, and speed for 
rough calculations, then it can be shown that the efficiency must 
be constant throughout the entire range. The equations of the 
dotted speed and tractive effort curves are as follows: 


le 


1 
Per cent speed = (aa) 


and 7 
Per cent 7.E. = (per cent amp.)?/” 
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The writer has made no attempt to derive an equation which 
will represent the characteristics of a railway motor closer than 
the ones just given, for the reason that the chief value of these 
equations lies in the fact that it is easy to remember to read 
per cent amperes on the A scale, per cent speed on the middle 
scale and per cent tractive effort on the cube scale. 

For speed-time and distance-time curves one is not so much 
interested in the relation between speed and amperes or tractive 
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effort and amperes as he is in the relation between speed and 
tractive effort. 
From the ore equations it follows that per cent speed 
1/3 


1 : 
= (aa) or in other words: The Speed of a d-c. rail- 


way motor 1s approximately inversely proportional to the cube root 
of the tractive effort. f 

The dotted speed curve in Fig. 25 is plotted with tractive 
effort instead of amperes as the variable, that is, the two tractive 
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effort curves of Fig. 24 have been made to coincide and the 
speed curve modified so as to maintain the same relation between 
speed and tractive effort as exists in Fig. 24. The closeness with 
which the dotted and solid speed curves of Fig. 25 agree shows 
the relation between speed and tractive effort for the typical 
railway motor is closely represented by the rule just stated, 

The value of this relation in determining the capacity of rail- 
way motors for a given service is best illustrated by an example. 

Assume a 50-ton car to be geared for a maximum speed of 60 
mi. per hr., a train resistance value of 25 lb. per ton at 60 mi. per 
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hr. and a rate of acceleration of 0.8 mi. ee hr. per sec.; to deter- 
mi e h.p. capacity of motors required. 
ars a ate a orien ne tractive effort delivered by the motors 
just balances the train resistance, 1. PAS lle per ton. The final 
speed reached on the control during the period of notching up 
(beginning of motor curve acceleration) is unknown, but we know 
what the tractive effort must be to give 0.8 m1. per hi. per sec: 
acceleration during the control period. It is 80 + 15 = 95 Ib. 
per ton if we assume it takes 100 lb. per ton to produce 1 mi. 
per hr. per sec. and if the train resistance at this lower speed is 


taken at 15 lb. per ton. 
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1/3 
tee Vie ote 
By the rule just stated Ti aa (2) 
. (28\" aya 
Oi rey er OUL (52) = 60 (0.263) = 38.5 mi. per hr. 


Likewise for any other speed the tractive effort can be ob- 
tained: that is, at 40 mi. per hr. 


or 
3 


T=-25.x (ay = 84 lb. per ton. 


Thus, given one condition which must be satisfied, other points 
follow directly. That is, given the maximum speed and fric- 
tion corresponding, the speed and tractive effort for any other 
point can be closely estimated. The usual procedure is as just 
outlined in the example above. 

The equipment selected must be able to accelerate the car at 
the rate of 0.8 mi. per hr. per sec. up to 38.5 mi. per hr. without 
overheating in service. A car geared for a maximum speed of 
60 mi. per hr. would not usually be used in a frequent stop ser- 
vice, hence high and frequent accelerations are not likely to 
occur, and it may be assumed that if this rate of acceleration does 
not exceed the one-hour rating of the motors the equipment will 
have capacity to do the service, that is: 


: 2,00) 95. <738.5 
h.p. required = 375 = 488 


let us say four 125-h-p. motors, 

One would look for characteristic curves of 125 h.p. motors 
and select a gearing which would give sufficient tractive effort 
at 60 mi. per hr. to balance the friction. 

For lighter and slower speed cars which are generally used in 
frequent stop service a rate of acceleration of 0.8 mi. per hr. per 
sec. 1s not sufficient either for performing the usual schedules 
nor does it leave enough margin for radiating the losses in ser- 
vice. It is usual to select an equipment for these services which 
will produce an acceleration of 1.00 to 1.50 mi. per hr. per sec. 
at the one-hour rating of the motors. This is on the basis of 
non-ventilated motors. ; 

Ventilated motors radiate losses much faster than the non- 
ventilated pole type, hence the h.p. rating of motors, if venti- 
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lated motors are proposed, will be less than found by the above 
method. As a first approximation, 80 per cent of the values 
found above will lead to some definite design of motors for 
which the radiating constants are known. From these it can be 
determined what the probable heating will be in service. 

To segregate the losses ofa railway motor and thereby determine 
its resistance, the writer has found that the core loss may be 
represented by the equation CL = K ['/3, where K isa constant 
and J represents current. 

The Standardization Rules of the A. I. E. E. (Appendix I of 
Rules) suggest that the gear and friction losses be taken at 
five per cent for all loads above 8 load for approximate determ- 
inations when tests are not available. 

Then from an efficiency curve plotted in this fashion we 
may select two points above ¢ load and write the equation 
for the total losses, eliminate the terms containing core loss and 
solve for R. | 
Thus for 3/4 and 3/2 load 

I = Amperes at 3/4 load 
2 I = Amperes at 3/2 load 

L = Core loss at 3/4 load 
/2(L)= Core loss at 3/2 load 
K, and K» = Total losses in per cent at 3 /4 and 3/2 load respec- 


if 


tively. 
= 100— per cent efficiency at 3/4 and 3/2 load respec- 

tively. 
E = Rated voltage of motor or voltage marked on curve. 

5 pam ieee 
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From the derivation of this formula it follows that care must 
be taken to select two points both of which are above 3/4 load, 
and the loads must bear the relation 2to1. That is, if one point 
is taken at 7/8 load the other must be taken at 7/4 load, etc. 
I is the current corresponding to the lesser of the two points 
chosen, 

Example. Find the per cent copper and core loss represented 
by the typical characteristics shown in Fig. 24 or 25. : 

These curves are shown over a sufficient range to obtain three 
determinations of the resistance. For check readings, we will 
take the losses in pairs as follows: 


K 0, K 160; Ko, K 180; K x00, Ko2o0 
Keg = 100 -86.5 = 13.5; Koo = 14; Kin) = 14.5: 
Kigo = 100— 82.0 = 18.0; Kiso = 20.5; Kooo = 22.0 


(8 X 18 ="5 5013-5 = 15) 2 


I & 1100 X 80 = 0.0007 E 
8X 205=5 X14— ye 

k= 1100 < 90 = 0.0008 & 

eho (8 X 220-5 14.5-—15)E — 0.000805 E 


1100 X 100 


Ave. R = 0.00077 E 


PR X 100 


Per cent /?R (1-hr rating) = aaa, 


= 100 X 0.00077 x 100 


= 7.7 per cent 


Per cent CL (1-hr. rating) = 14.5 -— (5 + 7.7) = 1.8 per cent. 

The accuracy of this determination of the resistance of a motor 
depends upon how accurately the efficiency canbe read. A single 
determination may be 25 per cent out because of accumulated 
errors in reading the efficiencies, but usually the error is less 
than 10 per cent. 

E. C. Woodruff: With regard to the accuracy of a graphic 
method—when the data are given in the form of a curve and the 
object of the calculation is to obtain another curve, graphic 
methods used for the intermediate steps will not reduce the ac- 
curacy of the calculation. Any analytical steps used will in- 
volve a double translation from curves to tabulated data and 
vice versa, and will give even more chances for errors in said 
translations. 

C. O. Mailloux (communicated after adjournment): A com- 
parison of the chart used in the method of Mr. Cas- 
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tiglioni (Fig. 22) with that shown in Fig. 9 of my 1902 
paper, indicates clearly the identity of the principle of 
the two methods. Curves M, M’ and R in Mr. Castigliont’s 
chart are the same as curves M, N and R’ (and also R) in my 
paper. They seem, at first, to be different because the axes 
of co-ordinates are disposed differently and the scale of tractive 
efforts is also different. In my chart, speeds are plotted as 
abscissas and tractive efforts as ordinates, because this puts the 
independent variable, speed, in the proper cartesian position 
and relation with respect to the ‘ function,” 7.e., the tractive 
effort. In Mr. Castiglioni’s chart these relations are trans- 
posed, which makes, apparently, the speed a function of the 
tractive effort, something not physically possible. The arrange- 
ment is not logical, and I fail to see that it has any advantages 
whatever to excuse it. In regard to tractive effort scales, there 
are two differences. First, I deal, in Fig. 9, with all accelerat- 
ing and retarding forces on the basis of their action on one ton 
of train-weight, whereas, in Mr. Castiglioni’s chart, these forces 
are dealt with on the basis of the action produced per motor. 
The advantage of this change appears very doubtful. Second, 
in Fig. 9 of my paper, the curve Rrepresents the actual train- 
resistance per ton, same as the formula by reference to which 
the curve was plotted. The lines parallel with the speed-axis 
which correspond to up-grades and down-grades also represent 
forces per ton. The great advantage of this plan is that the 
curves R and Q and the grade-lines in my chart are definite 
and require no change with the train-load per motor. In Mr. 
Castiglioni’s Fig. 22, the curve R and the grade-lines have to 
be changed every time the train-weight per motor changes. In 
my chart, a change in motor-load requires only the curves M 
and N to be changed. In reality, the curve N does not 
have to be changed, because by drawing the curve R both above 
and below the axis of speeds, as is done in Fig. 9, the net values 
of tractive effort are obtained by the difference in ordinates 
between curves M and R. As pointed out in my discussion, 
several curves of tractive effort M corresponding to different 
motors and loads, can be put on the same chart. In regard to 
the measurement of tractive effort, I still prefer to translate 

tractive effort directly into acceleration-values, and to use a 
~ scale of accelerations as is done in Fig. 9, because the accelera- 
tion-values indicated by such a scale convey a definite idea of 
what is actually happening and tell us something we want to 
know, namely, how rapidly the train is gaining or losing speed, 
at anv moment. Tractive effort and acceleration bear to each 
other the relation of cause and effect. The first represents the 
agency, the second the result produced by it. In this case we 
have to measure and express a result, not a cause, and it 1s wrong 
to express the result in terms of the cause. A scale of accelera- 
tion-coefficients such as used in Fig. 9 of my paper expresses 
the result produced, directly and in the correct unit, the mile 
per hour per second, (or the kilometer per hour per second), 
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which unit is now recognized and adopted internationally since 
the Turin Electrical Congress in 1911. The thought of even 
trying to express acceleration in terms of pounds of tractive 
effort per second per second is supremely ridiculous. The use 
of a scale of tractive effort in place of a scale of accelerations 
has no practical advantages and it is open to the objection 
of being both illogical and inconsistent. A scale of tractive 
efforts may be used, if desired, to supplement the scale of accel- 
erations, but it should never be used to replace it. In Fig. 9 
of my paper, the scale of acceleration may be converted into a 
scale of tractive efforts per ton by multiplying the acceleration 
values by the constant 91.2. In some cases, a scale of tractive 
efforts has been added to the chart; but the use of this scale 
for the purposes for which the acceleration scale is manifestly 
the proper scale has not been encouraged; and when once 
students become familiar with the theoretical principles in- 
volved, they see the logic and propriety of the units and scales 
used and prefer them to all others; and the scale of tractive 
efforts loses all interest and utility. 

The instances of rapid work done by Mr. Castiglioni by his 
method are very interesting as evidence of the merits of graphical 
methods. I confess that I am still a bit skeptical on the point 
of accuracy, because the possibilities of error noted in con- 
nection with Prof. Woodruff’s method do not appear to be 
wholly eliminated. The use which is made of the speed-dis- 
tance curve is ingenious, but the method by which the distance 
increments are obtained, being based upon. Straight-line in- 
tegrations corresponding to average velocities, as in Prof. 
Woodruff’s method, appears to be open to the same objections 
and the same liability to cumulative errors. As pointed out 
and as shown by the comparison given in Fig. 4 of my discussion, 
this method of obtaining distance and time increments is at 
best much more laborious and far less accurate than the method 
based upon the use of the distance-time integral, as obtained 
by the integraph. When the speed-distance curve is desired, 
as a supplement to the speed-time curve, it can be readily and 
quickly plotted from the distance-time curve obtained by the 
integraph. 

The chart method described in my 1902 paper is capable of 
doing work at least as rapidly; and, of course, from the point 
of view of accuracy, not only in plotting the Speed-time curve, 
but also and more especially the ‘ subsidiary " curves, which, 
as shown in my paper, are the ones of greatest interest and im- 
portance, the chart method described in my 1902 paper, when 
used with the integraph, can fearlessly challenge and meet all 
methods that have come to light thus far, 

D. D. Ewing (communicated after adjournment): In the 
first paragraph of his paper, Prof. Woodruff makes the state- 
ment, “ Students that have struggled with the usual step-by- 
step process* * * * seem to acquire a new interest in the 
subject when this method is proposed.”” I wonder if this “new 
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interest” is not, partly at least, the more or less fictitious sort 
of interest which students display whenever a short-cut method 
of any kind is proposed. In other words, it may be that they 
are more interested in finding a method of lessening their labor 
than they are in the theory of the thing they are studying. 

Viewing the method from the standpoint of a teacher of en- 
gineering there are the following objections to it: 1. It does 
not give the student the drill on the underlying theory of the 
curves that the step-by-step method does. The writer does 
not wish to be understood as decrying the use by students of 
graphical methods of solving problems. Such methods are 
extremely valuable whenever they enable the student to get 
a clearer conception of the problem. However, this type of 
graphical method belongs to what might be termed the “‘slide 
rule’’class, and just as any person of ordinary intelligence can 
be taught to solve more or less difficult problems, rapidly, with 
the slide rule, without understanding the theory underlying 
the problem, so can a person be taught to use this type of graph- 
ical method. Such methods tend to become mechanical, 
thereby facilitating the solution of problems. We are not so 
particular about the student’s “speed” as we are about his un- 
derstanding. The step-by-step method which brings in the 
elementary theory underlying the construction of the curve 
in the calculations for each point gives the student a much 
firmer grasp on the theory than could any graphical method. 
2. The large number of curves on the sheet tends to confuse 
the student. This objection is so obvious that it does not need 
discussion. 

Viewed from the standpoint of the practising engineer, the 
method presents some valuable features. It is compact even 
if it is somewhat complicated. Where a large number of similar 
speed-time curves is to be calculated, the method would 
probably effect a considerable saving in time besides elimina- 
ting to a large degree the mental strain that always accompanies 
analytical methods of solving problems. 

In the last sentence the statement is made that ‘the method 
saves time and trouble when one has to plot but a single speed- 
time curve for a particular motor load.” The truth of this 
statement is not obvious. While the writer has not given this 
particular method a thorough tryout, his past experience leads 
him to believe that unless a large number of speed-time curves 
is to be calculated, the step-by-step method is the shortest, 
provided care is taken to systematize the work. All time saved 
by the graphical method must be saved while calculating that 
part of the acceleration line of the curve which covers the time 
during which the motors are accelerating with line voltage 
across their terminals. Where the runs are short, but few 
points on this part of the curve are needed and therefore there 
is little opportunity to shorten the time required for the cal- 
culation of the entire curve. ; 
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EFFECT OF ALTITUDE ON THE SPARK-OVER VOLTAGES 
OF BUSHINGS, LEADS AND INSULATORS 


BY -E We PEEKS JR: 


ABSTRACT OF PAPER 


The dielectric strength of air decreases with decreasing pres- 
‘sure and increasing temperature; that is, with the density. 
Therefore, at high altitudes where the barometric pressure is 
low, brush discharge starts and spark-over takes place at lower 
voltages than at sea level. The effect of air density on corona, 
and spark-over between spheres, etc., has already been given. 

In the following investigation the effect of altitude and tem- 
perature on the surface spark-over of leads and insulators was 
studied by placing them in a large wooden cask and gradually 
exhausting the air. Correction factors are given for various 
standard types. The spark-over voltage decreases almost 
directly with the air density: 

The following gives an idea of the magnitude of the correction: 

The spark-over voltage of a certain string of insulators at 


25 deg. cent. is 
Possible Loca- 


Ky. ; Altitude tion 
300 0 Sea level 
250 5,000 ft. Denver 
205 10,000 ft. Colorado 


HE following investigation was made to determine the effect 

of air density, and therefore of altitude or barometric 

pressure, and temperature, upon the spark-over voltages of leads, 
insulators, etc. 

The dielectric strength of air decreases with decreasing pres- 
sure and increasing temperature; that is, with the relative 
density or with the average spacing of the molecules. If the 
relative density is taken as unity at a standard pressure of 76 
cm. and a temperature of 25 deg. cent., the relative density at 
any other pressure and temperature is 
3.92 b 


where b = barometric pressure in cm. 
and t = temperature in degrees cent. 
For the uniform field between parallel planes the spark-over 
voltage decreases directly with 6. If eis the spark-over voltage for 
a given spacing at 6 = 1, the spark-over voltage ¢: at 6 = 0.5 is 
(ay 0.5¢e 
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The effect is the same for the same value of 6 whether 6 is 
changed by temperature or by pressure. This has been shown 
elsewhere.* For non-uniform fields, as those around wires, 
spheres, insulators, etc., the spark-over voltage decreases at 
a lesser rate than the air density. The theoretical reasons for 
this have been given, as well as the laws for regular symmetrica ] 
electrodes, for cylinders, and spheres.t+ 

It is, however, not possible to give an exact law covering all 
types of leads, insulators, etc., as every part of the surface has 
its effect. The following curves and tables give the actual test 
results on leads, insulators, and bushings of the standard types. 
The correction factor for any other lead or insulator of the same 
type may be estimated with sufficient accuracy. When there is 
doubt, 6 may be taken as the maximum correction. It will 
generally be advisable to take 6 because the local corona point 
on leads and insulators will vary directly with 6. This is so 
because the corona must always start on an insulator in a field 
which is locally more or less uniform. - 

The tests were made by placing the leads or insulators in a large 
wooden cask 2.1 meters high by 1.8 meters inside diameter, ex- 
hausting the air to approximately 6 = 0.5, gradually admitting 
air and taking the spark-over voltage at various densities as the 
air pressure increased. The temperature was always read, and 
varied between 16 and 25 deg. cent. The cask is shown in Fig. 1. 

At the start a number of tests were made to see if a spark-over 
in the cask had any effect upon the following spark-overs by 
ionization or otherwise. It was found that a number of spark- 
overs could be made in the cask with no appreciable effect. 
During the test, the air was always dried and the surfaces of the 
insulators were kept clean. ft 

Table I is a typical data sheet. Tables II to VI give even 
values of 6 and the corresponding measured correction factors. 
If the spark-over voltage is known at sea level or 6 = 1 (76 cm. 
bar., temperature 25 deg. cent.), the spark-over at any other 
value of 6 may be found by multiplying by the corresponding 
correction factor. It will be noted that in most cases the cor- 
rection factors are very nearly equal to 6. 


*Law of Corona II, A. 1. E. E. TRANS., 1912, p. 1051. 
tLaw of Corona II, A. 1. E. E. TRANS., 1912, p. 1051, and 
Law of Corona III, A. I. E. E. TRANS., 1913, p. 1767. 
tIn these tests, corrections have been made for wave shape, etc., and the 


voltages checked by sphere gap. Voltages measured by needle gap are 
incorrect and indicate higher voltages than really exist, 
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Fic. 1—CaskK FOR STUDY OF VARIATION OF SPARK-OVER AND CORONA 
VOLTAGE WITH AIR DENSITY OR ALTITUDE 
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TABLE I 
SUSPENSION INSULATOR 
Bar Vac. Pressure Temp. Kilovolts 
cm. cm, cm. cent. 6 arc-over 
75.4 37.4 38.0 22. 0.50 121.0 
= 34.3 41.1 bi 0.54 131.0 
“ 30.0 45.4 g C.60 144.0 
se 26.4 49.0 e 0.65 158.5 
cs 23.0 52.4 ae 0.70 165.0 
a 19.3 56. 0.74 177.5 
ae 17.5 57.9 ne 0.77 183.2 
ee 15.0 60.4 s 0.80 195.0 
TABLE II 
Leaps. (See Fig. 17) 
3 Correction Factor for Lead Shown in 
Fig. 2 Fig. 3 Fig. 4 Fig. 5 
1.00 1.00 1.00 1.00 1.00 
0.90 0.92 0.91 0.92 0.92 
0.80 0.83 0.82 0.83 0.85 
0.70 0.74 0.72 0.75 0.77 
0.60 0.70 0.65 0.64 0.66 
0.50 0.61 0.56 0.54 0.57 


KILOVOLTS 


0.4 0.6 0.8 


RELATIVE DENSITY 


Fic. 2—Arc-OVER VOLTAGES AT 
VARIOUS DENSITIES 


0 0.2 


KILOVOLTS 


0.4 0.6 0.8 


RELATIVE DENSITY 


Fic. 3—Arc-OvER YOLTAGES AT 


Various AIR DENSITIES 


KILOVOLTS 


1.0 


0.4 0.6 0.8 


RELATIVE DENSITY 
Fic. 4—Arc-OVER VOLTAGES AT 
VARIOUS DENSITIES 


— 
0.8 


0.4 0.6 10 


RELATIVE DENSITY 


Fic. 5—ARC-OVER VOLTAGES AT 
Various DENSITIES 


0 0.2 
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TABLE III 
Post AND Pin Insuvators. (See Fig. 20) 


Correction Factor for Insulator Shownin 


KILOVOLTS 


.) 
Es Fig. 6 Fig. 7 Fig. 8 
Post Pin 
1.00 1.00 1.00 1.00 
1.90 0.93 0.91 0.94 
0.80 0.84 0.81 0.86 
0.70 0.76 0.73 0.75 
0.60 0.68 0.62 0.65 
0.50 0.60 0.52 0.53 
| 
’ 
: 
120 70 3 
‘ 
lio | 
100 60 
v d 
S 
80 = 50 
70 
60 40 
50 d 
0 0.2 0.4 0.6 0.8 1.0 9. 0.2 0.4 0.6 0.8 lo 
RELATIVE DENSITY RELATIVE DENSITY 
Fic. 6—Arc-OvVER VOLTAGES AT Fic. 7—Arc-OverR VOLTAGES AT 


Various AiR DENSITIES. VARIOUS DENSITIES 


KILOVOLTS 
s 


0.2 0.4 0.6 0.8 1.0 
RELATIVE DENSITY 


Fic. 8—Arc-OvER VOLTAGES AT 
VARIOUS DENSITIES 
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TABLE IV 


SUSPENSION INSULATOR Fic. 9. (See Figs. 18 and 19) 


Correction Factor for Units in String as 
follows 


Number of Units 


é 
1 2 3 4 5 

1.00 1.00 1.00 1.00 
0.90 0.96 0.93 0.90 
0.80 0.91 0.84 0.80 
0.70 0.86 0.76 0.70 
0.60 0.80 0.66 0.60 
0.50 0.72 0.55 0.50 


Ue) = ee 
140 : Z 
130 d y 
120 = = 
110 , 

P 


0 02 0.4 0.6 0.8 1.0" 
RELATIVE DENSITY 


KILOVOLTS 


Fic. 9—Arc-OvVER VOLTAGES AT 
Various AIR DENSITIES 
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TABLE V 


SusPENSION INSULATOR, Fic, 10. (See Figs. 18 and 19) 


Correction Factor for Units in String 
as follows 


ee 
Number of Units 


3 
1 2 3 4 5 
1.00 1.00 1.00 = 1:00 1.00 1.00 
0.90 0.95 0.91 0.90 0.90 0.91 
0.80 0.89 0.81 0.81 0.81 0.82 
0.70 0.80 0.72 0.72 0.72 0.73 
0.60 0.70 0.63 0.63 0.63 0.65 
0.50 0.57 0.53 0.53 0.53 0.57 
200 


units 


~~~ 25,5 em.-——> 
150 Eee 


140 + 
at 


120 t 


+ 


KILOVOLTS 


4 


EEE 
7 


0.4 0.6 0.8 1.0 
RELATIVE DENSITY 


Fic. 10—Arc-Over VOLTAGES AT 
VARIOUS AIR DENSITIES 


1) = ae ae 


0.2 
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TABLE VI 
SUSPENSION INSULATOR, Fic. 11. (See Figs. 18 and 19) 
Correction Factor for Units in String as follows 
Number of Units 
6 
1 2 3 4 5 

1.00 1.00 1.00 1.00 1.00 

0.90 0.94 0.92 0.90 0.90 

0.80 0.87 0.84 0.80 0.80 

0.70 0.81 0.73 0.70 0.70 

0.60 0.72 0.63 0.60 0.60 

0.50 0.62 0.52 0.50 0.50 
a | dunits | ‘3 units 
190 
180 1 1 


-- 17 em, - 


KILOVOLTS. 
y ¥ 
c=} 


70 


50 
0 0.2 0.4 _ 0.6 0.8 1.0 
RELATIVE DENSITY 


Fic. 11—Arc-OvER VOLTAGES AT 
Vartous Air DENSITIES 


KILOVOLTS 


0.8 1.0 


0 0.2 0.4 0.6 
RELATIVE DENSITY 


Fic. 13—Arc-OVER VOLTAGES AT 
Various AIR DENSITIES 


Horn gap spark-over. Gap spacing 14 cm. 
y Diameter of horns 1.27 cm. 


KILOVOLTS 


40 = 
0 0.2 0.4 0.6 
RELATIVE DENSITY 


Fic. 12—Arc-OVER VOLTAGES AT 
Various AIR DENSITIES 


70 


Tin foil. 0.95 cm 
Glass rod? 17 cm. > 
| 


~—- 
alee 


a 
L 
0.4 0.6 0.8 1.0 


RELATIVE DENSITY 


toad 
cS 


+ 


KILOVOLTS 


0 0.2 


Fic. 14—Arc-OVER VOLTAGES AT 
Various AtIR: DENSITIES 
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Fig. 15 is a curve giving different altitudes and corresponding 
6 at 25 deg. cent. If the spark-over voltage is known at sea 
level at 25 deg. cent., the spark-over voltage at any other altitude 
may bee timated by multiplying by the corresponding 6, or more 
closely, if the design is the same as any in the tables, by the cor- 
rection factor corresponding to 6. If the local corona starting 
point is known at sea level, it may be found for any altitude by 
multiplying by the corresponding 6. The barometric pressure 
corresponding to different altitudes is given in Fig. 16. Figs. 17 
to 20 show the insulators used in these tests. 


ALTITUDE IN FEET 


0 0.5 0.6 0.7 0.8 0.9 10 
6 RELATIVE AIR DENSITY 


Fic. 15 


As an example of the methods of making corrections: assume 
a suspension insulator string of four units with a spark-over 
voltage of 205 kv. (at sea level, 25 deg. cent. temperature). 
6=1. What is the spark-over voltage at 9000 ft. elevation and 
25 deg. cent.? 

From Fig. 15, the 6 corresponding to 9000 ft. is 


= 0.71 


Then the approximate spark-over voltage at 9000 ft., 25 deg. 
cent., is 


é: = 0.71 X 205 = 145 ky. 
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Fic. 17—SPARK-OVER TAKEN ON UPPER Part oF LEAD—LOWER ParT 
IN OIL 


Numerals refer to figure number of data curve. 


[PEEK] 


Fic. 18—Types OF PoRCELAIN INSULATORS TESTED AT VARIOUS AIR 
DENSITIES 


Numerals refer to figure number of data curve. 
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[PEEK] 


Fic. 19—Typrres or PorcELAIN INSULATORS TESTED AT VARIOUS AIR 
DENSITIES 


Numerals refer to figure number of data curve. 


[PEEK] 
Frc. 20—Types oF PoRCELAIN INSULATORS TESTED AT Various AIR 
DENSITIES 


Numerals refer to figure number of data curve. 
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If this happens to be the insulator of Fig. 10, the correction 
factor corresponding to 6 = 0.71 is found in Table V, by inter- 
polation, to be0.73. The actual spark-over voltage for this special 
case is 


é; = 0.73 X 205 = 150 kv. 


The first estimate is on the safe side and close enough for all 
practical purposes. Thus, for practical work the correction 
may generally be made directly by use of Fig. 15. 

The spark-over voltage of an insulator is 100 kv. at 70 cm. 


ALTITUDE IN FEET 


30 40 50 60 70 180 
CM. OF MERCURY-BAROMETER 


Fic. 16 


barometer and 20 deg. cent. What is the approximate spark- 
over voltage at 50 cm. barometer and 10.deg. cent.? 


a a 


61 = 973 + 20 
3.92 X 50 
pene ad see). 1 
02 273 + 10 
61 
e, = 100 X Us es 65 kv. 


0.94 
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If the local corona starting point is known at, say, sea level, 
it may be found very closely for any other altitude by multiply- 
ing by the correction 6. 

The spark-over voltage of insulators will vary somewhat from 
day to day, due to humidity. There is also some variation for 
different units. The humidity voltage variation on the insulator 
is possibly as high as 7 per cent, from day to day. Comparative 
tests of different types, when desired, should be made at the 
same time. The humidity correction, on the insulator itself, is 
too complicated to make and of no practical value. Care must 
be taken, however, to use a measuring gap unaffected by hu- 
midity; that is, a sphere gap. 
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INSULATOR DEPRECIATION AND EFFECT ON 
: OPERATION 


_— 


BY A. O. AUSTIN 


ABSTRACT OF PAPER 


_ Investigation shows that insulator trouble increasing with 
time is not due to fatigue in the material under applied working 
loads, but rather to depreciation caused by the absorption of 
water by porous material or by the cracking of the dielectric 
from High internal mechanical stress set up by uneven tempera- 
ture in the dielectric, or by greater expansion of cement or metal, 
or stress from a combination of these. 

The shape of the dielectric may cause high maximum stresses 
under comparatively mild conditions, necessitating the working 
of material with a lower factor of safety than that permissible 
even in steel work. The high maximum internal stress under 
which insulators operate will cause considerable depreciation in 
some types through cracking, necessitating a careful study of the 
effect of depreciation upon the operation of the system. Trouble 
comes largely through the matching up of faulty parts so that 
the remainder of the insulator will be destroyed by a compara- 
tively mild surge. Applying the theory of probability, it is 
then possible to obtain a relative operating hazard for the in- 
sulator under the same conditions or for varying degrees of de- 
preciation. 

An equation for the operating hazard may be developed which 
gives a good idea of the relative economic importance of the 
number of sections in the insulator, the magnitude of the switch- 
ing surge and the rate of depreciation as affecting the reliability 
of the system. 

The study of depreciation shows that routine tests which will 
tend to eliminate future depreciation, or refinements in the me- 
chanical features of the insulator, are of far more importance in 
producing reliability than the designing of insulators to with- 
stand extremely severe dielectric design tests, for insulators 
which may have extremely high dielectric strength will cause 
trouble through cracking from internal stress. 


alee growing investments dependent upon the transmission 

line make the study of factors governing reliability in 
the insulator of ever-increasing economic importance. In view of 
this, it is hoped that this article will throw some light on insula- 
tor failures and be of assistance in deciding on the refinements 
and size of insulator necessary for a given system. 

Even with more severe conditions placed on the insulator, 
recent lines have continued to make a much better showing. 
Some systems have had no insulator failures, while others have 
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operated for a period of several years only to run into increasing 
trouble, in some instances necessitating the entire reinsulating 
of the line. 

Where insulator trouble increases with time, it is only nat- 
ural to attribute the trouble to fatigue in the insulator. Upon 
looking into the subject, however, it is evident that this is not 
necessarily the case, for the failures may be due to a number of 
entirely different causes. 

Suspension insulators give the best available data, although 
failures of pin type insulators have been far more numerous, 
in some instances a visual inspection showing cracks developed 
in over 60 per cent of the insulators. 

A few pin type insulators which have cracked after several 
years’ service are shown in Fig. 1. An examination of this class 
of failure shows that there must be a strong radial force which 
splits the outer parts or shears the head of the cylinder from the 
side wall. This force can come from several sources, but as the 
porcelain does not seém to be appreciably affected either me- 
chanically or electrically outside of the cracks it would appear 
that the breakdown is due more to a rather high stress, than to a 
low stress acting for a long time. 

It is quite likely that the stress set up is that due to uneven 
expansion from varying temperature and from an expansion of 
the cement. 

Porcelain, like most dielectrics, is a very poor conductor of 
heat, so if the insulator has become hot in the sun or from sur- 
face leakage, and is then suddenly cooled by rain, there will be 
a considerable difference in temperature between the outer and 
inner parts. This difference in temperature may set up an aver- 
age tensile stress of several hundred pounds in the outer members. 

This average stress is hardly high enough to cause any damage, 
but the shape of the dielectric may be such that a very high maxi- 
mum Stress is set up, causing a crack, as along AB in Biow-2. 

There is no doubt that the defect comes from internal stress, 
but as this stress may be set up by uneven temperature and 
expansion in the dielectric or by cement expansion, it is not easy 
to determine the cause. 

Tests on the insulators show that there may be considerable 
difference in temperature between inner and outer surfaces which 
may account for destructive stresses in some instances, but hardly 
accounts for failures in other cases, particularly where insulators 
have been known to crack in storerooms and in protected places 
where there has been no sudden change of temperature, 
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It is also significant that trouble usually develops at railway 
crossings first. While it is possible that the insulators may be- 
come hotter, owing to the black surface or increased leakage, it 
appears that the sulphur fumes in the smoke attack the cement 
and increase the crystalline growth, presumably of calcium sul- 
phate. This crystallization causes expansion, setting up a stress 
which, combined with that due to difference in temperature, may 
produce exceedingly high strains. 

It is not surprising that there should be some trouble from 
cement expansion, for in general, little attention has been given 


to this rather difficult subject, and even where there has been, 
it is difficult to predict expansion from the formation of acids by 
static discharge in the cement or effect of continued weathering. 

Owing to deficiency in mechanical strength, European porcelain 
does not seem to withstand the mechanical stress very satis- 
factorily, and it has been general practise abroad to avoid ce- 
menting, or to use special cements at greatly increased cost. 

A microscopic examination of the cement sometimes shows a 
marked crystalline growth in the cement, particularly where the 
insulators are near railroad crossings, or in cement exposed to 
continued weathering. 
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Fig. 4 is reproduced from a photomicrograph of cement taken 
from the insulator on the right of Fig. 1. Taken at a magnifica- 
tion of 49 diameters, a few crystal growths are visible. Fig. 5 
shows a marked growth in the cement from a strain insulator. 
These insulators gave trouble in a little over a year, so it is evi- 
dent that cement expansion played an important part in causing 
failure. 

Fig. 2 shows a section of an ordinary pin-type insulator which 
usually cracks along the line AB. It is readily seen that a con- 
traction of the outer part or expansion from the cement will set 
up a very high stress along AB. As this stress is highly concen- 
trated in most insulators, owing to two components at nearly 
a right angle, the break often occurs through a very thick part. 

The large cement spaces and shape of the insulator greatly 
increase the hazard or danger of cracking in the insulator shown 
in Fig. 2. In Fig. 3 is shown one of the later designs of insulators 
which have proved to be practically proof against lightning and it 
is evident that the stress set up by uneven heating or cement will 
not only be less, but the strength of the parts resisting these 
stresses will be greater. 

This type of insulator has low working stresses, so it is possible 
that high-frequency disturbances which would cause a con- 
siderable heating of the cement in the insulator shown in Fig. 2 
would have little or no effect on the insulator shown in Fig.73. 
Also refinements in cement, or the elimination of a portion of the 
stress by dipping the ends of the shells in an elastic varnish or 
wax, or the insertion of a cushion, which would be beneficial in 
Fig. 2, would be entirely unnecessary in Fig. 3. 

The material is so distributed in the later types of insulators 
that not only are exceedingly high tests obtained on the parts, 
but a small protecting air path is provided between conductor 
and pin to act as a safety valve for surges. 

Fig. 6 shows an improved insulator, a section of which is shown 
in Fig. 3, flashing over at 216 kv. for a striking distance of 14 in, 
(35.5 cm.), and having a total part test of over 300 kv. 

There is nothing in practise to show that anything would 
be gained by increasing the conductivity of the cement in insu- 
lators of this type or metallizing the surfaces to reduce heating 
from flow of charging current under high-frequency surges, 
although tests on the oscillatory transformer may show that this 


is beneficial in the ordinary insulator with its high charging 
current. 
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Fig. 7 shows typical breaks in two different suspension insu- 
lators. On the left is shown a disk with crack in the groove at 
the shoulder from combined expansion of the cap and cement 
exposed to weathering. The stress is concentrated by the shape 
of the insulator and the cement groove. This groove affects the 
strength somewhat like a scratch in a pane of glass. Insulators 
may also be cracked slightly at this point by too high mechanical 
tests or rough handling, although there is no outward sign. The 
elimination of the cement next to the flange and the substitution 
of a sanded surface in place of the grooves for holding the cement 
greatly reduces the maximum stress. 

To the right of Fig. 7 is shown a failure in ari insulator of 
similar design but of different material. These insulators have 
transverse cracks in the bottom of the grooves, showing that the 
insulators would not withstand the elongation of the metal under 
the highest working temperature. A higher assembly tempera- 
ture would improve this or preferably a sanded surface in place 
of grooves, for the latter would be free from the objection of high 
shearing stresses in cold weather. 

A magnified view of a sanded surface is shown in Fig. 8. In 
addition to eliminating grooves which tend to concentrate both 
electrical and mechanical stress, this surface is of equal gripping 
efficiency in any direction. This latter property greatly reduces 
the maximum stress set up in insulators working under heavy 
mechanical loads. 

As there are records of insulators working under loads which 
set up stresses of at least 50 per cent of the ultimate, it seems quite 
probable that most mechanical failures are due to stresses very 
much higher than have been thought possible. 

It is possible that vibratory stresses which are most severe 
in dead-end insulators may cause a breakdown of the dielectric 
structure which, with the greater weathering, may account for the 
very much poorer showing made by dead-end insulators in some 
cases. 

It is certain that, where the|maximum stress is very high and 
fluctuating with temperature, it will be only a matter of time 
before the molecular structure of the dielectric will be destroyed. 
Where this is combined with an increasing stress from cement 
expansion it is apparent that failures may be very serious in 
time, although there is little evidence of this during the early 
years of operation. 

While only defects from mechanical stresses have been con- 
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sidered, there are others of an electrical nature that are always 
present and in many instances are far more serious. 

Good porcelain will withstand considerable heat, so material 
which acts as a resistor may pass electrical tests successfully, only 
to depreciate very rapidly in service owing to the absorption of 
water, which greatly lowers the resistance. 

Porous material or that which lacks vitrification, while with- 
standing high voltages at time of installation, gradually loses its 
ability to carry electrical stress. Where the absorption is slight 
the insulator may have an appreciable amount of dielectric 
strength after anumber of years, but where the absorption is large 
there will be little insulation in a year or so. On some of the 
earlier lines there was a large percentage of porous ware, which 
accounts for the poor operation until this material was weeded 
out. 

An investigation of one of the large systems showed that out of 
2 per cent of insulators shown to be weak by the megger, at 
least 1.4 per cent were poor owing to lack of vitrification, and 
could be detected by the trained eye. 

Of the remainder, part were defective owing to porous streaks 
or the developing of faults left by the burning out of lint or other 
impurities. This really made the percentage of insulators which 
were poor, owing to conduction, over 1.4 per cent. It was not 
possible to classify some of the remainder outside of those having 
failed by cracking. 

Fig. 9 shows a small fault detected by the megger and later 
burned by a very small current. 

Porous insulators, while forming by far the largest percentage 
of defective members in the better designed insulators, can be 
detected to a large extent by Mr. Gaby’s megger method and re- 
moved from the line. 

For the factory use, it is advisable to use a more sensitive 
instrument than the megger in order to detect insulators which 
have very minute defects or are only very slightly deficient in 
insulation. 

Fig. 10 shows a galvanometer which may be worked on a very 
high direct voltage obtained by rectifying and charging from the 
peak of the wave. Surface leakage has given considerable trouble, 
but it is hoped that improved means for shunting this surface 
leakage current will make this method very valuable. 

Failures from electrical stress may be gradual, for it is possible 
to puncture porcelain several times, where the flow of current is 
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extremely small, before complete failure occurs. For this reason 
surges sometimes do considerable damage to a system and their 
effect is not noticeable until the cumulative damage causes a com- 
plete breakdown. 

Since the static breakdown is in the nature of a very slight me- 
chanical fault, it is not surprising that a comparatively low elec- 
trical or a mechanical stress will cause complete breakdown in 
time. 

The success of some of the later types of insulators, however, 
shows that there is little to be feared from static puncture as 
compared to some of the other defects in the insulator. 


rectifying 


commutator 


Fic. 10 


In well-insulated lines, trouble comes not by the depreciation 
of the insulators as a whole, but by the matching up of defective 
parts in a single insulator or string such that the normal voltage 
or a switching surge causes the insulator to spill over or puncture. 
Just what the factors governing this are, was not apparent until 
some recent investigations caused this matter to be investigated 
and more thoroughly analyzed. 

The investigation of some of the systems shows that there 
is practically no successive breakdown in the insulator, and that 
faulty members are about equally distributed throughout the 
string. This, with the total absence of punctures during several 
years’ operation on lines like the Shawinigan Water and Power 
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Company, Fig. 11, and the 140-kv. Au Sable Electric Company’s 
line, Fig. 12, shows that there is little danger of puncture from 
high-frequency surges where the insulator is made up of six or 
more closely spaced, well tested sections. 

Lines of this class have also shown that the modern line is 
practically lightning-proof, for these systems have not averaged 
one kickout in two years from the spilling of insulators, from 
lightning or any other cause. This performance has, of course, 
been much better than was thought possible when the lines were 
insulated, and shows that spill-overs which have caused so much 
trouble on some lines can be prevented on a new system at a 
comparatively low cost for insulation. 

The big problem in line insulation is not so much to design for 
high-frequency but first of all to prevent depreciation as far as 
possible, or at least to minimize the danger due to matching up 
of faulty parts in the insulator, for it is evident that if an insulator 
has a large number of parts which become bad through absorp- 
tion or cracking, trouble is sure to follow, regardless of the fine 
showing of an insulator on high-frequency tests. 

Since the line trouble on the better insulated lines will come 
from the matching up of parts in the insulators which have be- 
come bad with time, rather than from lack of dielectric strength 
provided by the design, it is necessary that we recognize these 
conditions in order that the good operation of the system be main- 
tained or established economically. To this end it is well to 
consider the probability of trouble from this source and analyze 
the problem, in order that the relative importance of the factors 
governing the matching up of the faulty parts to the danger point 
may be obtained. 

Let p = per cent depreciation, or average number of parts bad 

in 100. 

m = number of parts or disks in the insulator or string, 

b = number of parts which may be bad in a single string 
when danger point is reached, 

g = (n — b) = number of good parts in insulator when 
danger point is reached, 

P = probability of a string being dangerous, 

N = number of strings on the system. 

From the theory of probabilities it follows that the probability 
of all the parts in a given insulator being faulty will then be 


p= (25) (1) 
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Switching surges, however, will usually spill or puncture 
several parts, so it is necessary to assume a dangerous condition 
when only a portion of the insulatoris bad. Equation (1) is then 
important only when the line is insulated with a single part or has 
not carried voltage. 

Where the danger point is reached when there are 0 parts bad, 
the probability of a string being dangerous becomes 


= (660) + 3) @ 


The above follows from equation (1), for as we are concerned 
with the matching up of b units only, m becomes 6 in the per- 
mutation, and as all the units contribute to make up the faulty 
b members the percentage depreciation must be increased by 


g 


Ce 
Substituting (x — 6) for gin (2) gives 


PG) ee) (3) 


<j (frank (4) 


In order to obtain the number of dangerous strings or insulators 
on the system, it is then necessary to multiply P by the total num- 
ber of strings on the system, or 


wp = (i605) © 


gives the probable number of dangerous strings on the system. 

In Fig. 13 are shown some curves where the minimum insula- 
tion is maintained for various number of parts n in the insulator. 
These curves show that a line having only 2 per cent depreciation 
and a switching surge that would spill two parts would have 30 
dangerous strings in 1000 strings, where there were only three 
sections in the insulator. The addition of another part, however, 
reduces this hazard about 95 per cent and the addition of still 
another part reduces the probable dangerous strings to 0.064 


in 1000 strings. 
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These curves show the economic importance of having a suffi- 
cient number of parts in the insulator in order to produce relia- 
bility. 

Operation bears out these curves, for systems which were 
under-insulated have been very greatly improved by: slightly 
increasing the insulation. 

In Figs. 14 and 15 is shown the effect of varying depreciation 
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for different insulators where the number of parts and minimum 
possible insulation is constant. 

These curves show that the operating hazard increases very 
rapidly with the increase in the rate of depreciation, particularly 
for insulators which have only a small margin above the switch- 
ing surge. It is also apparent that the reduction in the magni- 
tude of the switching surge which allows an increase in b for a 
given insulator will greatly improve the operation of a system. 
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This point should not be overlooked, for it is of considerable 
economic importance, as resistance or reactance in the switch 
costs but little compared to an increase in the total insulation 
of the system. The curves also show that the advantage gained 
by building up the voltage and the elimination of the switching 
surge should not be underestimated, particularly where the sys- 
tem is having trouble. 
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Space will hardly permit at this time of a thorough discussion 
of the relative economic importance of the effect of depreciation, 
number of sections, or the magnitude of switching surge on the 
reliability of the system, but the curves will give a very good 
idea of the vast importance of the matching up of defective 
insulators in producing line trouble. 

Where the depreciation is due to porous material, ‘‘meggering”’ 
of the line will weed out this material and the operation will be 
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greatly improved. If, however, the internal stress in the insu- 
lator is high, causing the insulator to fail at an increasing rate 
through cracking after several years’ operation, it is evident that 
it may become very difficult to maintain the best of operation 
unless the line is gone over quite frequently. Trouble from the 
latter will be lessened by distributing new insulation uniformly 
throughout the different insulator strings. 


Operating Hazard 
Affected by 
Depreciation, p 


Sections in String, n. 


Minimum bad sections in string 
constituting operating hazard, 6, 


DANGEROUS STRINGS IN 1000 STRINGS 
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Since the trouble on the line comes not from the insulator of 
average strength but from the insulator having the large number 
of weak members, it is highly important that the characteristics 
of the weak insulators be given careful consideration, 

It must be remembered that even though the insulator is sub- 
jected toa flash-over voltage, the probability of failure decreases 
with the increase in the number of sections in a closely spaced 
insulator and'that a large insulator may operate under very severe 
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conditions, while an insulator composed of a few sections may 
fail, owing to lack of sufficient factor of safety, although the flash- 
ing voltage was much lower. 

Since we have plenty of evidence to indicate that there is 
little to be feared in the large insulator, it is apparent that where 
failures occur it is usually due to the lack of factor of safety 
in the remaining good insulators in a string. 


19 Factor of safety for | _no. of sect. X test voltage 
| dielectric strength | flashing voltage string, 


X = section length. 


Pa 
= 
bE 
D 
5 18 | i iia e'points. | 
w \ with discharst 
oO »e, clamp 
ra! d= AMS yn 
ar 
S$ 
o I7 7 = 1 
z 
x 
7) 
© 
se 
5 1.6 + 4 +++ 1 <3 A 
oo 
2m se 
a 
& ot 
a >| be p 
x S 
1.5 o 
rE ii | > 
° A 
a 
= ; 
| = 
a 14 “il 
fa} 
c 
2 5 Ja 
pains 
> gsc see? 
Feat —— | 
& 
< 
7) 
aw 
o 
« 
rane 
° 
< 
ra 
1.1 4 


6 8 10 2A G, aes 20 22) 9°24) 5 26728: + 30) 32 34 
LENGTH OF INSULATOR IN INCHES TO CENTER OF CONDUCTOR 


Fic. 17 


The use of discharge horns and very closely spaced insulators 
improves the factor of safety for an insulator having only a few 
units. The insulator of this type is shown in Fig. 16. Fig. 17 
shows curves based on this insulator and it is apparent that while 
the discharge points on the clamp greatly improve the factor of 
safety for a few units they do not materially improve the factor 
of safety for along string. Since, however, depreciation is likely 
to reduce the total number of good units in a string, it is advisable 
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to use the discharge points in order that the remaining sections 
will tend to flash over rather than puncture. 

It is not advisable, however, to obtain a very high factor of 
safety in this way, otherwise there may be too many spill-overs 
on the line, causing interruptions which may be even more serious 
than punctures where the discharge points were not used. 

It becomes more apparent every day that a transmission line 
is like a chain in that it is no stronger than its weakest links, and 
if we are to improve operation we must give the factors govern- 
ing these weak links proper consideration. 

Improved mechanics in the insulator and test methods will 
do much to improve the reliability and life of future lines, as 
there seems to be little or no depreciation in the material where 
there is a good margin of safety. 

It must be remembered that even a slight degree of insulator 
depreciation produces an operating hazard through the match- 
ing up of weak parts, and may cause trouble, whereas a much 
higher degree of depreciation on other parts or apparatus on 
the system may cause no interruption, nor give any direct evi- 
dence, and may be overlooked. Even with the high working 
stresses set up in the dielectric, it is doubtful if insulator de- 
preciation is much, if any, greater than that of much of the 
other apparatus on the system, and attention to the factors 
causing trouble through depreciation will do much to improve 
operation of present or future systems. 
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Discussion ON ‘“‘ Errect oF ALTITUDE ON THE SPARK-OVER 
VOLTAGES OF BusuHincs, LEADS AND INSULATORS”’ (PEEK), 
AND ‘‘ INSULATOR DEPRECIATION AND EFFECT ON OPERA- 
TION” (AusTIN), NEw York, DECEMBER 11, 1914. 


Harvey L. Curtis: For many years it has been known that 
there may be considerable leakage over the surface of insulators. 
However, it is only within a comparatively short time that 
quantitative measurements have been made. The present in- 
vestigation* was undertaken to determine the conditions under 
which leakage would become troublesome in the use of elec- 
trical instruments. It has been extended to cover a considera- 
able number of insulators; and for these the effects of temper- 
ature, humidity, voltage and exposure to light were studied. 

The samples of materials were 
obtained, whenever possible, in 
‘ plates 10 cm. square by 1 cm. 
thick. Metal strips 1 cm. wide 
were clamped to this with their 
adjacent edges 1 cm. apart, as 
shown in Fig. 1. The resistance 
was measured between strips A and 
strips B. The surface resistivity 
is assumed to be twenty times 
the resistance measured. While 
this is not strictly true, since 4, 
there is leakage nee the edges as WZ Llddded: IZING 
well as over the face of the speci- 
men, yet the correction is too Fic. 1 
small to take account of in the nay 
present work. To insure good contact, tinfoil was wrapped 
around the metal strips and carefully pressed against the surface 
of the insulator along the inside edge of each strip. 

To determine the effect of temperature and humidity 1t was 
necessary to place the samples in a case, the temperature and 
humidity of which could be maintained constant. The tem- 
perature was maintained constant by a vapor pressure ther- 
mostat. The humidity was regulated by placing in the case 
an open vessel containing a sulphuric acid solution of the proper 
strength to give the desired humidity. The air was thoroughly 
stirred by an eight-inch fan, the driving motor being outside 
of the case. The leads to the specimens were brought out 
through blocks of paraffin on the top of the case. These were 
melted together, so that the case was sealed almost air-tight. 
A glass window permitted the reading of the temperature and 
humidity. *. 

The humidity was measured by determining the temperature 
at which dew would form on a polished metal surface. The 


*A paper, entitled “The Insulating Properties of Solid Dielectrics,’’ has 
been published as Scientific Paper No. 234 of the Bureau of Standards. 
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deposit of dew was usually obtained by circulating cold water 
through a metal tube, but for very low humidities it was found 
necessary to use alcohol in the tube and cool it by adding car- 
bon dioxide snow. 

In measuring the resistance, high accuracy was not required. 
An accuracy of 10 per cent was considered sufficient. Ase 
large number of samples were measured, and each sample 
measured several times, it was necessary to arrange the ap- 

paratus so that it could be worked rapidly. To do this a con- 
denser of suitable capacity was connected in parallel with a 
sensitive galvanometer. The galvanometer, which had a wide 
range of shunts, was placed directly in the circuit with the 
battery and resistance to be measured. If the current was 
sufficient to produce a readable deflection, the galvyanometer 
was used as an ammeter. If the current was so small that it 


could not be read on the galvanometer, the galvanometer only . 


was taken out of circuit, and the current which flowed over 
the surface of the specimen, was collected on the condenser. 
After a known interval of time the galvanometer was again 
connected, so that the charge which had accumulated on the 
condenser was discharged through the galvanometer. From 
the time of leakage, the voltage of the battery, and the con- 
stant and deflection of the galvanometer, the resistance can 
be computed. 

The current which flows between two conductors, maintained 
at different potentials and insulated from each other by a solid 
material, is made up of two parts; that which flows through 
the insulator proper, and that which flows through a film of 
moisture or other conducting material on the surface of the 
insulator. The relative importance of these will depend on 
the resistance of the two paths. Since water, even if very pure, 
conducts much better than the ordinary solid insulators, a very 
thin film of water may have much less resistance than the 
insulator, 

Before discussing these further, some definitions are desirable. 
The volume resistivity, p, of a material is defined as the re- 
sistance between two opposite faces of a centimeter cube. From 


the relationship between the size and the resistance of a specimen 
it follows that 


pia pl RA 


Ane tae apie 
where R is the resistance of a cylinder of cross-section A and 
length 1. By analogy we shall define the surface resistivity as 
the resistance between two opposite edges of a surface film 


which is one centimeter square. If the film is uniform over a 
surface 
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where o is the surface resistivity and R’ the resistance of a 
rectangle of the film of length / and breadth 0. 

Since our measurements show that the surface film is largely 
moisture condensed from the surrounding atmosphere, the at- 
mospheric humidity will largely determine the surface resistivity 
ofamaterial. However, it is to be expected that the temperature 
of the specimen will be of some influence. Also since chemical 
changes are often produced by exposure to light, the surface 
resistivity of a material may be affected by such an exposure. 

It might be expected that the applied voltage would affect 
the surface resistance, but, though voltages from 2 to 200 were 
used in some cases, no change in resistance was observed. At 
high humidities the resistance frequently changed by as much 
as a factor of 10 in the first minute after closing the key—in- 
creasing with some samples, decreasing with others. No cause 
for this behavior has been found. The value at the end of 
one minute has been taken as the correct value. 

The results of our experimental work show that, for prac- 
tical work in the laboratory, changes in surface leakage due to 
changes in temperature are of so little importance compared 
to the changes in resistance due to changes in relative humidity 
that they may be neglected. It is not to be supposed that 
this will hold for temperatures considerably removed from those 
used in this investigation; viz. 20 to 30 deg. cent. 

In order to determine the effect of humidity upon the surface 
resistance, a number of samples were placed in the case whose 
temperature and humidity could be controlled. Measurements 
of the resistance were: then made, but with an interval of at 
least one day after each change of humidity. After computing 
and tabulating the results, a curve was plotted for each sample 
showing its change of surface resistivity with the humidity. 
Nearly two hundred such curves have been plotted. From 
these, the curves given at the end of this discussion were se- 
lected. 

Except in a few cases where it was desired to show the effect 
of cleaning, the samples were cleaned in the same manner and 
to the same extent as would be done in practical work; 1.¢., 
they were wiped with a cloth or dusted with a brush. 

All of the curves of surface resistivity are plotted on the 
same scale, so that they can be readily compared. In order 
to make this possible, the logarithm of the surface resistivity 
is plotted as ordinate, so that the actual values of the surface 
resistivity progress by powers of 10. In this manner very large 
changes of resistance can be shown on one sheet. The abscissa 
is the per cent of relative humidity. 

Exposure to light may produce a chemical change at or near 
the surface. This chemical change may change the appear- 
ance of the material as well as the surface resistivity. How- 
ever, there does not appear to be any connection between the 
two. Some samples, which show a very pronounced change 
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in appearance, show very little change in surface resistivity, 
and the reverse is sometimes the case. As the chemical changes 
produced by sunlight take place very slowly, the number of 
specimens examined has been limited. The major portion of 
the work has been done upon hard rubber, where the changes 
take place rather rapidly. 

In Fig. 2 is a curve showing the change in surface résistance 
of a sample of hard rubber which was exposed to sunlight. 
In July 1908 the sample, which had deteriorated, was cleaned 
by washing in distilled water. This restored it to its original 
value, but the deterioration again proceeded rapidly. 

The deterioration of some other materials when exposed to 
sunlight has been studied. In general it may be said that in 
no case is the deterioration as rapid as in the case of hard rubber. 
In some cases no effect has been observed. 

In conclusion it may be stated that the surface leakage of 
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the majority of materials varies greatly with the humidity of 
the surrounding air. This is due to the film of moisture which 
is condensed upon the surface. Any condition which, at a 
given humidity, will decrease the condensation of moisture or 
which will decrease the conductivity of the water will increase 
the surface resistance. 

In Fig. 3 are given curves of four samples of hard rubber. 
Two had been protected from the action of the light, while two 
had been exposed to strong sunlight for several months. I+ 
will be noticed that between 0 and 50 per cent humidity the new 
rubber changes but little, while above that the changes are 
very pronounced. The surface resistivity is one million times 
as large at 50 per cent humidity as at 90 per cent. With the 
rubber which had been exposed to the light the changes in re- 
sistance continue until the lowest humidity is reached. The 
resistance of these specimens at very low humidity is 104 times 
or one hundred billion times as great as is the resistance at 
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95 per cent humidity. It will be seen that very slight changes 
of the humidity will affect the insulation in a very marked 
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Other samples of hard rubber have been tested, and those 
given may be taken as representative of the best grades of hard 
rubber. Of the two kinds whose curves are given, the imported 
rubber has a finer texture, and can be worked and polished 
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better than the American rubber. However, all the tests upon 
the insulation show that the American rubber is the better in- 
sulator. This shows how difficult it is to connect the insulating 
properties with the mechanical properties. 
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Three of the curves given in Fig. 4 are for amber and amber- 
like materials. The sample of amber was a piece of clear native 
amber, the surface of which had been carefully polished. This 
is one of the few cases where only a single sample was measured. 
The amberite was a sample of the material which is made by 
compressing scrap amber. This material under the name ot 
amberite or ambroid is now extensively used and it is apparent 
that so far as surface leakage is concerned it is the equal of 
native amber. In working with this material it was found that 
the specimen must be well cleaned to get the best results. 
Apparently handling with the fingers leaves a deposit of vari- 
ous deliquescent salts which condense moisture and lower the 
conductivity at the higher humidities. The glyptol is an arti- 
ficial resin, resembling amber. 
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Three different samples of sulphur were tested. They showed 
wide variations. The curve which is given lay between those 
of the other samples. Threlfall states that sulphur heated just 
to its melting point and then cooled has better insulating prop- 
erties than that which has been heated to a higher temperature 
before cooling. The sample of celluloid was a piece of clear 
celluloid. Several samples were tested having various amounts 
of coloring matter and filler, but the surface resistivity was sub- 
stantially the same for all. Ivory can not be considered as a 
material having high insulating properties. A substitute, white 
galalith, is somewhat better. 

In Fig. 5 the behavior of fused quartz and certain kinds of 
ordinary glass is shown. Several samples of quartz were tested, 
but the two curves given were for the same sample. The 
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sample from which the curve marked “ fused quartz’? was 
obtained was cleaned in the same manner as other samples, 
but no special care was taken. It was then carefully cleaned in 
strong chromic acid, washed in distilled water, and dried before 
obtaining the curve marked “ fused quartz, cleaned.” The 
surface was thus well freed from foreign substances. At low 
humidities there was no difference in the two specimens. At 
higher humidities there was a large difference, amounting to as 
much as a factor of ten thousand. This may be due to the 
lack of condensation of moisture on the cleaned specimen or 
to the fact that the water which is condensed has a lower con- 
ductivity. Doubtless both of these causes play a part. 

The statement is sometimes made that the method of manu- 
facture of fused quartz very decidedly affects the insulating 
properties of the product. This has not been substantiated 
by the results obtained in the course of this investigation. 
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A piece of old quartz tubing made by Heraeus in 1904 was 
measured at the same time and under the same conditions as 
the sample marked “‘ quartz, cleaned.”” The results were prac- 
tically identical. Another sample of inferior manufacture gave, 
under the same conditions, the same results as given by the 
curve marked “ fused quartz.” 

The curves for three kinds of glass are given in Figs. 5 and 6. 
The Kavalier glass is a very hard combustion tubing having 
a large potassium and calcium content and a small amount of 
sodium. The German glass is a soft glass tubing such as is 
usually used in glass blowing. The plate glass was a piece 
from a plate-glass window. It will be noticed that the curves 
fall very sharply at about 30 per cent humidity, and that 
above 70 per cent humidity the change isnot.so marked. These 
samples were tested twice, with the results as given. Later 
they were cleaned with chromic acid in the manner described 
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for quartz and the resistances measured a third time. While 
the results did not show such marked changes as in the case of 
quartz, they were all in the same direction. Also the effect was 
most pronounced on the hard Kavalier glass and least so on the 
plate glass. It is known that the Kavalier glass is less soluble* 
than the other forms. Hence it is quite probable that the dif- 
ference may largely be due to the difference in the conductivity 
of the water solution on the surface. 

In Fig. 6 are also given curves for glazed and unglazed por- 
celain. The glazed porcelain was the base of a small porce- 
lain switch, while the unglazed was a plate such as is used in 
chemical work. 

In Fig. 7 are grouped the curves of some of the poorer insula- 
tors, together with some curves showing the effect of impregnat- 
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ing them with paraffin. The slate was taken from the base 
of a switch and its origin is not known. The source of the 
marbles is stated on the curves. All were free from metallic 
veins, and were the equal of any that are used in switchboard 
construction. It appears that the coloring material in the 
Vermont and Tennessee marbles has very little effect on the 
surface leakage. 

The marble and the different varieties of wood were impreg- 
nated with paraffin by keeping them in molten paraffin until 
no more air bubbles were given off. After cooling, the wood 
was planed and the marble sandpapered so that the resistance 
was measured over a surface of wood or marble with praffin 
filling the pores and not over a layer of paraffin on the surface. 


*Hovestadt: Jena glass, p. 333. 
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The woods of more open grain, such as mahogany and poplar, 
oe a somewhat higher insulation than the closer-grained 
maple. 

ap the paraffined marble shows the considerable increase in the 
insulation that may be obtained by impregnating with paraffin. 
The surface does not present as clear and pleasing appearance 
as before paraffining, and it accumulates dust more readily. 
The marked decrease of the resistance with increasing humidity 
is not readily explained. One would expect that it would be- 
have more like paraffin, which shows little change. 

In Fig. 8 are given curves for various waxy materials. Ceresin 
is refined from the mineral ozokerite. It somewhat resembles 
paraffin, but has a higher melting point (69 deg.). An attempt 
was made to measure the leakage resistance of a sample at 
several humidities by the galvanometer method, using a distance 
of 1 mm. between the plates. It was impossible to obtain 
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a readable deflection, but it is certain the values are above 
those given in the curve. With the electrometer method the 
surface resistivity was still too high to measure, certainly above 
10 ohms. A special paraffin having a melting point of 58 deg. 
cent. also gave results too high to measure by any method at our 
disposal. A commercial form of paraffin known as parowax 
(melting point 52 deg.) gave the results shown in the curve. 
Measurements by the electrometer method gave a satisfactory 
check on these results. 

The curve for beeswax was obtained from a sample of the 
yellow, unrefined material. White beeswax gave results which 
are almost identical. For these materials the surface must be 
fresh. They deteriorate quite rapidly when exposed to light 
and moisture. : 

The sample of tetrachlornaphthalene was furnished by Dr. 
Baekeland. Itis doubtlessa mixture of several isomers and may 
contain other chlorinated naphthalenes. It is about the con- 
sistency and color of yellow beeswax and has a very char- 
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acteristic odor. The samples of ‘“ halowax’’ are chlorinated 
naphthalenes. The sample No. 1003 is largely tetrachlornaph- 
thalene. It is of a gray color, but in other respects has much 
the same properties, including odor, as the sample furnished 
by Dr. Baekeland. The sample 5055B is a higher chlorinated 
naphthalene, being largely hexachlornaphthalene. 

The Khotinsky cement was flowed on a glass plate. The 
thickness was such that no appreciable part of the current flowed 
through the glass. 

These waxy materials show the least change with humidity 
of any of the substances tested. This is doubtless due to the 
fact that the water does not wet the surface, hence instead of 
spreading over the surface is collected in minute drops. 

D. B. Rushmore: In my opinion, the problem of insulator 
design must be solved by a scientific study of cement and a 
scientific study of porcelain; and by analyzing the elements, as 
we have in other problems, we will find out what is taking place, 
but the problem of measuring the causes of the trouble and know- 
ing just what the surges are, in knowing just what the electrical 
forces are, and also in knowing just what are the physical condi- 
tions of the resistance opposed to these forces, is very difficult. 
Probably there is no other field of engineering in which it is so 
hard to get at these quantities with exactness. 

I was very much impressed with the analogy of porcelain 
design to the design of delicate steel castings, and it was evident 
in some of the insulators that have been shown on the screen 
that, if casting these pieces of certain qualities of steel, the 
lines would have to be modified to prevent the undesirable forms 
of crystallization. 

There is one thing that is closely related to the study of insula- 
tor application, and that is the practical necessity, both from an 
engineering and a commercial standpoint, of determining quanti- 
tatively the value of a ground wire. That has not yet been done, 
hundreds of thousands of dollars are spent every year in installing 
ground wires, and nobody knows of just how much value they are, 
and this cannot be determined by practical experience. It must 
be the result of the same kind of investigation that has solved 
the corona problem, and that, as Mr. Curtis has shown in the 
method he has worked out, must be by understanding the prob- 
lem of surface leakage. 

E. D. Eby: These data are not only interesting, but vitally 
important. They affect the design and operation of all electrical 
apparatus dependent upon air as an insulation. The “ law of 
corona ”’ was given to us some time ago, but the probable cor- 
responding law for spark-over has not been generally appreciated. 

Since the local corona point varies directly with the density, 
and the spark-over voltage approximately with the density, it 


appears that the same relative performance will occur at all . 


densities. Therefore, an altitude rating is logical, safe and 
necessary. This was found desirable by the speaker about two 
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years ago in connection with transformer bushings, and has been 
applied in his practise since that time. The altitudes to be con- 
sidered seldom exceed 10,000 ft. Several important installations 
exist at 4000 to 5000 ft.; a dividing line was set at 4000 ft., below 
which leads rated for 4000 ft. are supplied, and above which leads 
rated for 10,000 ft. are supplied. 

In the cases of the leads which Mr. Peek has tested, the depart- 
ure of the correction factor from 6 amounts to as much as 15 per 
cent of 6 at 6 = 0.50. This would be worth considering, as it 
represents a fair margin between factory test voltage and spark- 
over. But, since 10,000 ft. is the maximum altitude reached, 
except in very rare instances, the departure of the correction: 
factor from 6 (6 or 7 per cent) at that altitude is not worth con- 
sidering, beyond treating it as an additional margin of safety. 

An interesting detail of the tests on suspension insulators is 
the wide departure of the correction factor from 6 in the case of 
one unit, amounting to 44 per cent at 6 = 0.50 in Table IV, 
compared with the close agreement in the case of two-, three- or 
four-unit strings. Perhaps Mr. Peek can add some explanations 
to these figures. 

In: putting into practical application the information given in 
this paper, it must be remembered that these tests were made at 
60 cycles, and consequently are valuable chiefly in the degree in 
which they represent high-frequency performance. With the 
usual factors of safety in the design of leads, bushings and insula- 
tors, nominal frequency voltages would seldom, if ever, tax well- 
designed apparatus to the spark-over point of maximum eleva- 
tion. It is, therefore, of primary importance that these data 
should apply to high-frequency voltage. It is known that dif- 
ferent designs of leads and insulators perform differently under 
high frequency. Whether such differences may be expected to 
affect the altitude factor, perhaps Mr. Peek can tell us. 

P. W. Sothman: Every time this very vital subject of insula- 
tion is touched upon, we are apt to have the feeling that we are. 
getting further away from it, and I was afraid to-night that Mr. 
Austin might again change my mind in regard to certain concep- 
tions I have had, but in many points I agree absolutely with Mr. 
Austin, particularly that, from a mere investigating standpoint, 
we should learn how to build an insulator. We have tried to 
teach and preach for the last few years that the insulator is one 
of the most important elements in the whole system; that it is 
as important as the generator or lightning protection, ora switch 
or anything else; still an insulator is chosen, because it will do a 
certain thing in a certain district, and it is assumed that it will 
do the same thing in another district, but, as Mr. Peek has 
pointed out, what it will do in New York it will not do in Denver. 

In that respect I was very much pleased to see that Mr: Peek 
found a way of expressing to us here tonight, that the actual 
difference in altitude has an important effect on the insulator, 
and I think that anybody who has gone through Mr. Peek’s 
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paper will see, as short as the paper is, and although it has been 
condensed to a very great degree, that the data given in it mean 
an immense amount of labor, and these two papers coming to- 
gether this evening give us much light on the subject we are con- 
sidering. 

When we take the tests which have been made on insulators in 
the factory, and then consider the insulators which have failed 
out on the line, we see that we are absolutely unable to produce 
the same conditions, in our laboratory, no matter how we try, 
which agree with the conditions found in normal operation. 
We are trying to make high-frequency tests. We test an insula- 
tor at 25,000 or 50,000 volts, and then we raise the voltage higher 
and higher, until the child is killed, so tospeak, and then we are 
satisfied. We think that the more power we can force through 
an insulator without apparent damage the better the insulator 
we get, but still we find in the case of insulators which will with- 
stand a test, say, of 200,000 volts, in the laboratory, that when 
we take these same insulators and put them into actual service on 
a line which is carrying an operating voltage of say 50,000 volts, 
they will fail the next day, notwithstanding in our laboratory 
tests we considered them the best insulators that were ever made. 

Now, gentlemen, that shows it is not the insulator, as such, 
that we have to blame for this condition, but there are other 
elements to which we must look for an explanation of this trouble. 
Mainly it is the line. There are a number of elements involved, 
and the insulator is only one of them, important, yet small. If 
we should build all parts of the transmission line in the way they 
should be built, we would see that the present factor of safety of 
the insulator, which is a very high one at the present time, is 
better than in some of the other elements which are used in the 
transmission line. 

There is one thing which is very gratifying to see, and that is 
that the porcelain manufacturers have actually made very great 
improvements in the quality of the porcelain which they pro- 
duce—I would not say the insulators—but in the manufacture 
of porcelain they have made very great progress. When we 
recall how insulators stood up five years ago under what was 
considered at that time a very severe test, and we see how they 
stand up today, we conclude that we have learned at least how 
to make porcelain which will serve the purpose. It is very 
gratifying, but I would like these gentlemen to get a little busier 
still, and let them try to make still further improvements ; and 
what strikes me forcibly is that we still find that the porcelain 
which is imported from Europe is in many respects ahead of our 
porcelain which is manufactured here. 

When three or four years ago we were talking about the per- 
centage of failures—which matter Mr. Austin has referred to in 
a very interesting manner in his tables—we found that the fail- 
ures were pretty close to forty-eight per cent, whereas today the 
same kind of failures amount to more nearly 6 or 7 per cent. £ 
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think if the transmission line engineers would cooperate with 
the porcelain manufacturers, and give them freely their observa- 
tions, that we could still make substantial improvement in these 
conditions. 

That brings up another point, and that has to do with these 
specifications for the insulator, as such. We are on the eve of 
determining whether we shall or shall not make specifications 
for the insulators, and in that connection I cannot urge you too 
strongly to be very careful, and I might even caution you to go 
very slowly, in adopting any rule in which so many phenomena 
are still involved, which phenomena are so little understood by 
so many of our practising engineers. There is danger that we 
may put into a law on this subject a great many things which 
naa be a great handicap to the future development of the insula- 

or. 

Selby Haar: I ask Mr. Austin what his opinion is of the na- 
ture in which electrical and mechanical stresses in the strain 
insulator combine. Is it something like the different kinds of 
mechanical stresses in material, or is it something entirely dif- 
ferent? 

The reason I ask this question is that I have heard it denied 
in all seriousness that a strain insulator need necessarily consist 
of any more sections than an ordinary insulator. 

Charles P. Steinmetz: We must not lose sight of the fact that, 
after all, the line insulator today is really in a very good condi- 
tion. For many years the line insulator was the weakest link 
in our transmission system. It is not so today. It is rather 
one of the strongest links, as shown by great increase of break- 
down in all other parts of the system, which formerly were pro- 
tected by the line insulator failing, thus protecting the other 
apparatus. ‘This is proper, because it is desirable that the line 
should be the last thing to break down. Breakdown in a station 
can be watched for, and can be located, but it is a more serious 
matter to have a breakdown out on a mountain peak, and then 
to have to hunt for it in the winter time, during snowstorms, etc. 

The problem, then, is really not so much to improve the line 
insulator—although naturally we expect improvement—as to 
make sure that the insulator as it exists on the line gives as good 
results as possible for first-class regulation and maintenance of 
the insulator protection; in other words, there should be proper 
testing of the line insulators, and weeding out defective ones. 
The strains on the insulator are partly electrical strains and 
partly mechanical strains and that means testing them both 
for electrical and mechanical strains. From the electrical point 
of view the problem is, after all, a simpler one, for, although elec- 
trical engineering is much younger than mechanical engineering, 
the method of testing and the various operations are somuch more 
accurate, that we can determine certain things with accuracy 
in matters electrical. Naturally, the condition of testing should 
be to test as nearly as possible under such conditions of electrical 
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stresses, etc., as break down the insulators on the line. We all 
realize that the normal line voltage and normal line frequency 
practically never break down the insulator, but that it is caused 
by very high frequency or sudden impulse, or combinations of 
both; and investigation shows that very often a high-frequency 
wave train is preceded by a single still higher impulse; thus, 
high frequency and impulse tests are needed. 

While high-frequency testing has been recommended many 
times, it has one serious danger, namely, that most methods of 
producing high-frequency oscillations involve the use of electrical 
resonance, which does not give a definite, but an indefinite, volt- 
age and constant current effect, and it is, therefore, only a question 
of the power back of it whether you will break down anything or 
not. Therefore, while high frequency is that method of testing 
most nearly representing actual operating conditions, it must be 
made by high-frequency oscillating current generators which give 
a definite and determinable voltage, and not by the use of 
resonance to raise the high-frequency voltage to some unknown 
quantity, determined by the strength of the apparatus, in which 
case the tests mean nothing. I refer to this latter method be- 
cause it is the reason for most of the objection which has just 
been raised against promiscuous testing by high frequency. 
The proper method involves high frequency produced at definite 
and measurable voltage. 

Not so favorable are the conditions for making the mechanical 
test. To some extent the mechanical quality can be determined 
by electrical testing. .-As has been pointed out in the papers, 
a test for porosity of the porcelain can very often be determined 
by resistance measurements. Experience has shown that a 
more reliable method in picking out mechanical defects such as 
flaws, porosity, etc., since it does not depend on the effect of 
humidity,is the use of high frequency for testing. 

Unfortunately, there still remain the mechanical strains in the 
insulator, which may and do, as has been shown in Mr. Austin’s 
paper, break down the insulators either immediately or through 
rapid deterioration, which the electrical test does not always 
show, and for which reliable mechanical tests have not yet been 
devised. » 

As you probably know, for some years great advantage has 
been derived from use of the polariscope and polarized light to 
test for mechanical strains glass apparatus used for electrical 
purposes. Sometime possibly a similar method may be developed 
of using light in some form or radiation by which porcelain will 
be made transparent—X-rays, or some similar process—and show 
by polarization the internal strains of the porcelain, but we do 
not have that at the present time. 

Assuming that we have reasonably safe methods of eliminating 
defective insulators, there remains the depreciation to be taken 
care of, which is to some extent accomplished by a careful study 
of the design and performance of the insulator, the material: 
of which it is made, and the method of its application. 
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The reliability of service given by the transmission line, as 
you have seen from this paper, depends upon, and can very 
greatly be increased by an increase of the number of units, that 
is, an incfease of the factor of safety. The increase of relia- 
bility is greatly out of proportion to the increased margin of 
safety, becatse it is not the effect of the margin, but the proba- 
bility law, which makes it much more improbable in the case of 
individual insulators that their strength will fall below the stress. 

The second method described of increasing the reliability is 
to reduce the surging. The third method is to reduce the. de- 
preciation. 

There is really a fourth method, which has not been referred 
to in the paper, and is in reality included in the last one, or 
reduction of depreciation, namely, weeding out insulators on the 
line which become defective. If there is a ten per cent depre- 
ciation in five years, by testing the insulators on the line once a 
year, three-quarters, say, of those which have deteriorated, can 
be weeded out and the average depreciation will be reduced to 
a small fraction of what it would have been, if all those insulators 
had been left in the line; this would, therefore, greatly increase 
the reliability of service. 

That brings us to one requirement which is very badly needed, 
and that is, reliable methods of testing the insulators on the line 
without taking them down; preferably, although it is not always 
essential, without taking the voltage off the line. Such methods 
would be principally valuable in high-frequency tests, because 
while in the case of high frequency we deal with considerable 
‘power, we do not have to guard against leakage by moisture, as 
gn resistance measurements, and it appears advisable to make 
‘systematic tests of the insulators on the transmission lines, just 
‘as such tests of underground cables are made, by testing the 
insulators, disk after disk, insulator after insulator, at fixed 
jntervals, and thereby detect and weed out those which have 
deteriorated. This method would greatly increase the relia- 
bility of operation. 

E. E. F. Creighton: Mr. Peek has again added another ele- 
-ment to his work on corona and Mr. Austin has not only described 
‘some valuable methods but has given us a new design of in- 
sulator. 

Among the several things I should like to bring up regarding 
Mr. Austin’s paper is, first of all, the sanding of the surfaces 
of the insulator to give the cement a grip on them. There is a 
very difficult problem involved in preventing the breakage of 
the insulators by the cement. If this very simple method is a 
solution of this problem it will mean a great advance in the pro- 
duction of good insulators, hail be 

Many tests on the chunky insulator in Mr. Austin’s illustra- 
tions show a considerable advance in the design of insulators. 
Even at high frequency the design is such as to overcome, to a 
very great extent, the creepage spark, The spark creeps down 
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over the upper surface of the porcelain, but has little tendency 
to follow the surfaces of the skirts, but jumps directly to the pin. 
This is an indication of better design in the insulator, as it is less 
liable to fail. 

Before closing, I want to mention the relative values of the 
methods of testing, among them the megger, which was used, I 
think, first by Mr. Gaby, in Canada. The megger gives good 
results where moisture can enter in the crack that is produced. 
If the crack does not extend all the way through the porcelain 
the megger is useless. If the moisture is dried out, as it usually 
is in pin type insulators, it is also useless. I have made tests 
first with the megger and then with high frequency, which showed 
that the megger results agreed closely with the high frequency 
results when moisture in the fault was present. 

The direct-current test at high voltages which Mr. Austin 
mentions I have also used a number of times without any very 
great amount of success. We have gone at it with rectified 
currents at very high values of potential, but the trouble is that 
the air itself begins to leak and the current through the air is 
So great as to make the leakage through the insulator negligible. 
It is not the leakage over the surface of the porcelain, because the 
same leakage takes place when the insulator is removed. This 
method of test is of value only in special studies. 

The third method, which I have had occasion to speak of 
several times, is the use of the high-frequency transformer. 
No matter if the fault is due to underfired porous porcelain, or 
whether there is a tiny flaw somewhere in it, the high frequency 
will bombard the air in the internal part and will develop these 
flaws. At the same time the high frequency, properly applied, 
is quite harmless to good porcelain. In testing porcelains the 
flaws are weeded out during the first few minutes, or very often 
in the first few seconds, and then the test can be carried on for 
fifty hours continuously without any more failures. 

Farley Osgood: Mr. Austin brought out the fact that the 
value of the overhead ground wire should be considered in in- 
sulating the line, and he put that value in your minds only from 
the insulating and protecting standpoint. 

I wish to put into your minds the fact that the overhead ground 
wire has a very distinct value in assisting in the locating of 
defective insulators, and that in making calculations on the 
construction cost of transmission lines, you should take that 
particular point into your calculations, and not consider the 
value of the overhead ground wire wholly from an insulating 
or protecting standpoint. 

Our experience leads us to believe that the overhead ground 
wire is worth more as an aid to the Operation of the line than it 
1S as a protective device, and by its use, with the proper test 
instruments behind it, faulty insulators can be located within a 
few spans, and sometimes exactly, which fact is especially 
helpful for operating companies whose practise is to test out 
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lines with a view to locating faults and curing them when 
the lines can be relieved from actual service. The cost of an 
overhead ground wire of stranded steel or copper-covered steel 
will, in most cases, be a little more than one of the phase wires 
of the transmission circuit, assuming the phase wire not to be in 
excess of 250,000 cir. mils. 

F. W. Peek, Jr.: I agree with Mr. Austin that most insulator 
failures occur due to small cracks in the porcelain caused by 
local mechanical stresses. These local stresses may be due to 
expansion of cement or metal parts, improper shaping of porce- 
lain parts, etc. The so-called deterioration of porcelain is due 
to the gradual formation of these cracks. Electrical failure is 
finally the result. The following test, to show the above, may be 
given as anexample: Six insulators, all of the same porcelain, but 
of different designs, were tested with 60-cycle, and with oscillatory 
voltages. Electrically they were excellent. These insulators 
were then placed in ice-water for one hour. This water was heated 
at the rate of 1 deg. a minute to the boiling point; it was then 
slowly cooled at the rate of 1 deg. a minute to room temperature. 
Cracks appeared in four insulators due to mechanical stress. 
Electrical failure occurred immediately upon application of 
voltage to these four units. The other two were not affected. 
They were then given a more severe test. They were put in 
water, which was gradually heated to the boiling point, and were 
then immediately plunged into ice-water. One failed, while 
the other remained intact. These two insulators were of the 
best mechanical design of the lot. 

Other causes of failure, due to design and manufacture, are 
caused by occasional impurities getting into the mixture, porous 
porcelain, effects of tool marks on difficult designs, etc. 

In selecting an insulator it is important: (1) to see that the 
mechanical design is such that local mechanical stresses cannot 
result and gradually produce cracking; (2) to see that the elec- 
trical design is such that local electrical stress tending to pro- 
duce puncture will not result; (3) to see that the porcelain is 
not too porous and that the product is uniform. (1) and (2) are 
best determined by design tests, such as the one outlined here, 
and others which have been described in the A. I. E. E. PROCEED- 
incs.* (3) is best determined by watching the product very 
closely in the process of manufacture. If the per cent loss in 
the routine test is large, or varies greatly, the product may be 
looked upon as suspicious and should be condemned until the 
cause of the failures is found. This per cent loss will not only 
be a check upon the quality of the porcelain but also, to some 
extent, upon design. For instance, if the design 1s so difficult 
that a large percentage of failures results in its manufacture, it 
should be condemned. I know of insulators that have been 
selected on a basis of per cent loss on one of the very high-voltage 
lines which have given practically no trouble. 


* A. 1. E. E. TRANS., this volume, p. 1107. 


1762 ji INSULATORS (Dec. 11 


So far, only troubles due to design and manufacture have 
been discussed. Starting with good insulators operating trouble 
due to their improper use may result. An insufficient number 
of units in the case of the suspension insulator, or an insufficient 
“factor of safety’ in the case of the pin type insulator, may 
cause trouble. At each high over-voltage lightning impulse, 
or high over-voltage surge impulse, an insulator may be damaged 
by local cracks forming in the porcelain. A puncture is started 
but has not sufficient time to develop; failure will result only 
after a number of impulses. Most of such troubles occur on 
the low-voltage lines, that is, on lines operating between 20,000 
and 40,000 volts. What we know as the “ factor of safety” 
of insulators is based on operating voltages and not on light- 
ning voltage. It is thus not really a “ factor of safety,” as 
the lightning voltage is the voltage that causes failure. [ have 
mentioned this in former discussions, but as it is a very im- 
portant point I repeat it here. Lines operating at the voltages 
mentioned extend out into the same sort of country and are 
subjected to the same electrical stresses as the higher voltage 
lines; as the insulators are smaller, greater damage is done. 
In certain parts of the country there is practically no trouble 
due to this cause, when the number of insulators in a string 
exceeds a given number. In an exceedingly severe lightning 
country this number is seven to eight units. It must be re- 
alized that troubles due to this cause can only be eliminated 
by making the “factor of safety” on the low-voltage lines 
relatively higher than on the high-voltage lines. 

Regarding tests there is one point I should like to make. 
It is unfortunate that practically all voltages differing from 
60 cycles are termed “ high frequency” and practically all 
troubles are attributed to “ high frequency.’’ An impulse, or 
an oscillation, or a wave of steep front, or continuous high 
frequency, etc., are all given under the same heading. Naturally 
their effects upon insulators are quite different and there is a 
great deal of confusion caused. To illustrate: the puncture 
voltage of an ordinary insulator may be 100 kv. at 60 cycles; 
at high frequency of 100,000 cycles from an Alexanderson al- 
ternator this insulator will break down at 5 kv., due purely 
to heating; an oscillatory voltage such as has been referred to 
in one of the discussions this evening will cause puncture at 
about 120 kv.; a single impulse, depending upon its wave front 
and duration, will cause failure at anything from 100 kv. to 
1000 kv. or more. This readily shows how variable these ef- 
fects are, yet all are said to be caused by “high frequency.” The 
chief criticism of all such tests so far advocated is that they are 
absolutely indefinite. « “ High-frequency oscillation”’ testing 
is not a solution of the insulator problem; it. is merely a means 
of testing, sometimes convenient, or sometimes useful as a 
supplement to the 60-cycle test.* 


SCAT aE TRANS., this volume, p. 1107. 
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I have recently made some tests using single impulses of a 
known wave front, length of tail, etc. Impulses with durations 
measured in microseconds or millionths of seconds have been 
used. | Insulators will stand very high voltages when the dura- 
tion is short. However, if the voltage is high enough some 
damage is done to the material. Perhaps a minute crack is 
formed; the effect is cumulative, and complete puncture re- 
sults after a sufficient number of impulses has been applied. 
Such conditions actually occur on transmission lines. 

_E. D. Eby (by letter): In his paper on insulator deprecia- 
tion, Mr. Austin points out that mechanical and chemical 
causes are chiefly responsible for insulator trouble which de- 
velops in service. Unequal temperatures in the dielectric, ex- 
pansion of the cement by weathering or crystallization, and 
expansion of metal fittings, are mentioned as the chief causes. 
The paper and the discussion at the meeting dealt altogether 
with line insulation. I should like to ask whether in his ex- 
perience Mr. Austin has encountered similar trouble with wall 
bushings, roof bushings or transformer bushings. It would 
appear that any of the causes for depreciation given might 
contribute to trouble with such apparatus as well as with line 
insulators. On the other hand, the construction of entrance 
and transformer bushings, particularly of filled types, is usually 
such that electrical weaknesses may not necessarily follow me- 
chanical damage from cracks, etc. It would be interesting and 
instructive to learn the experience of manufacturing and operat- 
ing companies along this line. 

Edward J. Cheney (by letter): Insulator reliability becomes 
increasingly important as transmission distances increase and 
service requirements become more exacting. Such researches 
as that of Mr. Austin are, therefore, of the greatest interest and 
importance. 

In one instance a large metropolitan community was abso- 
lutely dependent upon a certain transmission line. It was 
particularly annoying to all concerned to have the insulators 
on this line begin to fail with disconcerting frequency after 
they had given fairly good operation for several years and in 
spite of the fact that the lightning protection had been in- 
creased in the meantime. The remedy adopted represented 
the best which could be done at that time, but is suggestive of 
brute force rather than science. It consisted in putting on new 
insulators having a high-potential test double that of the orig- 
inal ones. The results have been good so far, but in the light 
of the information Mr. Austin has given us, it will now be 
possible to examine such problems more intelligently and we 
can be much more confident that the remedy will be perma- 
nently effective. 

H. H. Sticht (by letter): No doubt the microscope is des- 
tined to be an important factor in the study of the insulator, 
just as it was in the study of iron and steel. Dr. Creighton and 
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Dr. Steinmetz mentioned the various methods for testing in- 
sulators, laying particular stress on the high-frequency and 
high-voltage tests. There is no doubt but that they are the 
most reliable tests that can be made in the test room, but how 
are they to be applied on the transmission line? If the line is 
one that is built through a level country they might be used. 
The transformers, with accessories such as a gas engine, and 
generator, could be mounted on a wagon and driven from tower 
to tower. But this can be done on very few of our transmission 
lines. It seems to me that in mountainous or undeveloped 
country, the megger method is the only one that can be used. 
I will grant that the method has its limitations, but so have 
the other methods. Mr. Sothman called attention to the fact 
that you can make a high-tension test on an insulator, place 
it on the line, and in a day or so it will break down under opera- 
ting voltage. Mr. Peek has called our attention to some in- 
teresting information regarding the effect of high-tension im- 
pulses. Have we any guarantee that a high-potential test, 
at several times the operating voltage, does not produce a 
similar result on a small scale? The comparatively low volt- 
age of the megger (1000 to 2000 volts) certainly cannot have 
any such bad effects. I believe that some of the bad reports 
about the megger have been caused by engineers trying to use 
it to detect faulty insulators of the pin type. However, 
one can readily see that it cannot be used for this class of in- 
sulators owing to the fact that a large enough surface cannot 
be obtained to which to connect the megger. 

H. H. Schneider (by letter): In connection with the dis- 
cussion of Mr. A. O. Austin’s paper on insulator depreciation, 
attention was drawn to the partially defective insulator work- 
ing in the transmission line. As the elimination of this insula- 
tor is of considerable importance, a few words on this subject 
might be of interest. 

Consider any transmission line with its thousands or tens of 
thousands of insulators. The continual pounding of the elements, 
external stresses, and line surges, slowly but surely weaken the 
line insulators. Therefore, at any reasonable time after in- 
stallation, we have in the line, insulators in every state—from 
the one as good as the day it was installed to the one on the verge 
of breaking down. Those in the latter class are of immediate 
concern, for although capable of withstanding normal potential, 
they break down when a surge or any abnormal condition arises. 
Of course, immediate replacing of the destroyed insulator is 
necessary when the breakdown causes a short circuit. Inter- 
ruption to service, or the loss of a feeder for an indefinite period, 
results. Consequently, to make the transmission line as clear 
as is practically possible, it is incumbent upon us to weed out, 
systematically, insulators of this description by either periodic 
test or inspection. 

I note that in attempting to weed out these partially defec- 
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tive insulators by means of applying over-potentials to the 
insulation of the line, it frequently happens that only one or 
two breakdowns occur upon each application. This requires 
the locating and the replacing of the defective insulators before 
the test can be further carried on. Where 15 to 25 bad insulators 
may be discovered in the course of a test of this nature, a 
great number of tests is necessary, with the result that the 
test drags over a considerable period. In order to expedite 
the test by the rapid replacing of the insulators located by test, 
men are generally posted along the transmission line right-of- 
way. Of course, a large number of men is required. Not 
only is this method of test far from satisfactory when a con- 
siderable number of defective insulators is on the line, but 
the expense connected therewith is also a heavy item. Further, 
where other live feeders are on the same pole as the feeder 
under test, the possibility that the arc will flash over to these 
lines when an insulator breaks down is ever present. 

During the course of the discussion several gentlemen re- 
ferred to the location of partially defective insulators by tests 
of a different nature. Mr. F. Osgood, I believe, called partic- 
ular attention to their location through the medium of the 
ground wire. It would be of interest to have these gentlemen 
explain somewhat farther in this direction. 

A very effective and comparatively inexpensive method of 
reasonably clearing a line of these insulators is by the following 
method of inspection. On a rainy night while the line is work- 
ing under normal potential, the line should be patrolled. Parti- 
ally defective insulators are readily detected by means of the 
arcing displayed. Close examination of the insulator can be 
made by means of high-powered field glasses, but this is only 
necessary in rare cases where the period between successive arcs 
is of considerable duration, thereby indicating that the insu- 
lator has but a slight defect or that arcing might possibly be 
due solely to the heavy precipitation. However, it is generally 
safe to treat this type of insulator as a defective insulator, for 
the combination of the heat produced by the arc and the rapid 
cooling of the insulator by the rain is gradually destroying it. 

No matter how long the line, if a sufficient number of men 
is provided, practically all defective insulators can be noted in 
a single night. The number of times an inspection of this 
nature should be made depends entirely upon the locality and 
age of the line. However, three to four times a year is generally 
ample. Of course, no immediate change of insulators is made 
while the inspection is in progress, but all defective ones are noted 
and are replaced the next day. 

R. P. Jackson (by letter): It becomes at once apparent that 
the whole indictment against porcelain is a secondary result of 
the fact that, for mechanical reasons, porcelain can be used 
only so as to avoid subjecting it to tension. This is the reason 
for the use of thin sections backed up by metal in such a way 
as to keep the porcelain in compression or shear. The ordinary 


1766 INSULATORS [Dec. 11 


disk suspension insulator is a good. example. _It is molded 
into a shape to fit into a head or cap of metal with a metal pin 
in a re-entrant recess enclosed both by the porcelain and the 
metal cap. : 

This necessarily puts the porcelain under severe electrical 
stress to begin with. Further, unless the cementing is perfect 
and the coefficients of expansion just right, there are liable to 
be severe mechanical strains. All efforts to reduce the elec- 
trical stress by increasing the porcelain-filled space between 
the metal parts tends to weaken the mechanical structure of 
the unit by putting the porcelain under tension or bending 
moment. 

Why not go the whole distance, however, and put the porce- 
lain under direct tension in adequate section and thereby elim- 
inate all trouble from puncture, by surges and lightning? 

The chance of there being weak sections or units in a four- 
piece or five-piece insulator where each piece is only § or 3 in. 
thick is fairly high. On the other hand, what lightning would 
puncture lengthwise 20 in. of porcelain? Regardless of the 
so-called factor of safety, such an insulator must flash over rather 
than puncture. 

What is the prospect of making a tougher porcelain, stronger 
in tension but perhaps of somewhat inferior specific dielectric 
strength, which would deliver us from turning to the laws of 
chance to see how much of our equipment is really worse than 
worthless? 

Mr. Austin shows us, indeed, how to make the most of the 
materials and methods we now have, but at best the laws of 
chance do not furnish a very satisfactory method of picking 
out defective material, of which the degree of defectiveness is 
progressive. 

A curious result of the laws Mr. Peek has investigated is the 
sparking voltage of lightning arrester horn gaps at high volt- 
ages in various parts of the country. 

Judging from the reports that come back from operating com- 
panies, the various horn gap settings sometimes require much 
greater reduction and enlargement with low and high altitudes 
respectively than the density law would call for. 

There has been a suspicion at times that some other cause, 
such as the presence of radioactive substances in the vicinity, 
must be necessary to account for the great horn gap settings 
required in certain territories. Of course, there may at times 
be some peculiarity of wave form which accounts for this and 
causes the discrepancy, but that is rather doubtful. 

For example, it is our recollection that on 110,000 volts, 
settings of horn gaps ranging from four in. in one Western 
locality near sea level to 15 in. in another in the Rocky 
Mountains, have been found necessary. 
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PREFACE TO REPORT 


I. SPECIFICATIONS FOR RUBBER INSULATION 


DEMAND for specifications which will enable purchasers of rubber 
insulation to secure good material on the basis of competitive 
bids has existed for many years. 

In recent years, there has been no difficulty in securing insulation 
having the dielectric strength, specific resistance, elasticity and mechan- 
ical strength required in practise. Indeed, with the possible exception 
of dielectric strength, these qualities are usually in excess of actual service 
requirements. There is another quality, namely permanence, which 
although equally essential, has not been so easy to obtain. 

While the physical properties of rubber insulation are susceptible of 
positive determination by tests which can be made before acceptance by 
the purchaser, the permanence of insulation can be ascertained only in 
practice, often at great loss, inconvenience and even danger. It, should, 
therefore, be the aim of specifications to overcome this difficulty and by 
some indirect means, ensure that the manufacturers supply compounds 
having the required endurance. 

This obviously presents a difficult problem, as it requires that some 
relation be established between permanence and one or more of the prop- 
erties which are susceptible of test. It has been established by experience 
that Hevea rubber or the rubber of the Hevea Brasiliensis tree, when 
properly cured, is a superior grade which is entirely satisfactory for elec- 
trical insulation. Hevea rubber may, therefore, be specified with ad- 
vantage, although certain other rubbers of good quality may be excluded. 
The rubber has, however, to be further identified as Hevea rubber of good 
quality, the materials associated with it in the compound must be known 
to be non-deleterious and the compound itself must be well prepared, 
applied and vulcanized. 

Two types of specifications have been devised to compass these re- 
strictions. The first type of specification proceeds on the assum ption 
that certain physical characteristics are developed to an unusual degree 
by the use of Hevea rubber, especially the grade known as fine Para. 
Among the qualities affected by the grade of rubber, and alleged to be 
useful indications of the presence of Para rubber, are the tensile strength, 
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elasticity and specific resistance. Accordingly some specifications have 
been issued in which one or more of these qualities is specified in an exag- 
gerated degree. Experience has shown that such specifications are in- 
effective, as the specified physical quality can be obtained either by man- 
ipulation of poor compounds or at the expense of permanence in com- 
pounds made originally of good materials. In consequence of this, 
specifications based exclusively on physical tests have fallen into disrepute, 
but such tests now serve in modified form as adjuncts to other types of 
specifications. 

The second type of specification to be considered is that in which a 
more or less rigid formula for the compound is specified and compliance 
with it exacted either by inspection during manufacture, or by chemical 
analysis supplemented by other tests of the finished product. Inspection 
which will really ensure compliance with such specifications is usually 
impracticable. Reliance must, therefore, be placed principally upon 
chemical analysis. Three difficulties at once arise. In the first place 
chemical analysis cannot directly ascertain the quality or quantity of the 
rubber which has been used in the manufacture of a compound; it can 
only determine these by the indirect method of measuring certain of its 
characteristic constituents. It is, therefore, necessary to present in the 
specification, a relation between the desired formula and the chemical 
findings. 

The second difficulty is that in the past, chemists have employed diverse 
methods of analysis which give inconsistent results. It is, therefore, 
necessary to establish a satisfactory and standard procedure for analysis. 
The method of analysis must not only yield the information desired, but 
it must also be practical and capable of yielding uniform results when 
applied to the same compound by different chemists. In order to secure 
this uniformity, it is important to describe the methods of analysis in detail. 

The third difficulty has been the non-uniform interpretation of analyt- 
ical results. 

The specification hereinafter presented is of the second or chemical 
type, in which an endeavor has been made to meet the three objections 
hitherto urged against such specifications. It contains a table showing 
the range of analytical results that should be obtained from a good com- 
pound containing 30 per cent of high class Hevea rubber, and is supple- 
mented by a detailed analytical procedure. The specification is not 
complete as given, it being necessary to add appropriate electrical and 
mechanical test requirements. 

The specification presented in this report should always be used in 
conjunction with the analytical procedure. The latter will, however, 
serve for the analysis of any compounds of the 30 per cent Para type with 
mineral fillers, provided the interpretation is made to correspond, 


Il. STANDARDIZATION OF SPECIFICATIONS 


The necessity of purchasing insulated wire under conditions of com- 
petitive bidding led the various departments of the government, the 
railroads and other large consumers, to issue specifications for rubber 
insulation. These specifications were based upon the individual ex- 
perience or theories of a number of engineers, aided by suggestions from 
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some of the manufacturers. For several years no attempt was made to 
standardize these specifications, and much trouble was given to the man- 
ufacturers by the diversity of requirements contained in them. In 1906, 
the Rubber Covered Wire Engineers’ Association, consisting of repre- 
sentatives of the leading manufacturers, prepared a specification which 
was offered as a standard. This was followed in 1911 by the revised 
specifications of the National Board of Fire Underwriters, which, however, 
call for a comparatively low grade of compound. The former specifi- 
cation, although the best that could be agreed upon at that date, was so 
defective as to afford little or no protection to consumers. The latter 
occupies a field by itself, and make no pretension to specifying the highest 
quality of compound. Consumers desiring compounds of great perma- 
nence, therefore, continued to use their own specifications, altering them 
from time to time, in accordance with the best information available, 
with a growing tendency to rely upon chemical rather than physical 
tests. Some difficulty was experienced in enforcing these specifications 
owing to the inability of chemists to make concordant analyses of rubber 
compounds. This matter reached an acute stage in 1911, when Mr. E. 
B. Katte, Chief Engineer of Electric Traction of the N.Y.C- & H.R.R.R. 
Co., invited a number of manufacturers and consumers to a conference 
in order to discuss the possibility of standardizing specifications and 
analytical methods for rubber insulation. This conference was held at 
New York on the seventh of December, 1911, Col. Samuel Reber of the 
U.S. Signal Corps presiding. 

After a full discussion of the subject, a committee was appointed to 
devise a specification and an analytical procedure for rubber insulation, 
the committee to report at a future conference. 

This committee, which was originally known as the Railroads Rubber 
Committee and later as the Joint Rubber Insulation Committee, worked 
at the problem assigned to it for two years and presented a report to a 
second conference which was held at New York on October 15th, 1913, 
Col. S. Reber again presiding. The report was unanimously accepted 
by the Conference and the Committee authorized to continue in existence 
for another year for the purpose of making any revisions that might appear 
necessary in its report, as the result of a year of experience with it. 

The membership of the general conferences at which the committee 
was appointed and to which its report was submitted, consists of rep- 
resentatives of the following interests: 

U. S. Signal Corps, 

U.S. Bureau of Standards, 
American Chemical Society, 
Lederle Laboratories, 

New York Central Lines, 
Pennsylvania R. R., 

General Electric Co., 

Hazard Manufacturing Co., 
Simplex Wire & Cable Co., 
Standard Underground Cable Co. 

The organizations represented in the committee have been tinstinting 
in devoting their unrivalled resources to this work, which could not have 


been carried out by private enterprise. 
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While the acceptance of the report does not bind any of these interests 
to the official adoption of the specification and analytical procedure, most 


of the members were of the opinion that they would be adopted in due 


course, 


The Association of Railway Electrical Engineers has ‘adopted the 
specification in its standard wire specifications, and the Power Distri- 
bution Committee of the American Electric. Railway Association has 
recommended its adoption by the latter association. 

It is hoped by the Committee that other societies and users of rubber 
insulation will follow this lead and help to abolish the existing multi- 
iplicity of specifications and methods of analysis. 

The Committee wishes to emphasize the preliminary character of the 
report and urges everyone interested in the subject to send to the Secre- 
tary any suggestions or criticisms which may be of value, so that such 
statements may receive consideration before the publication of the report 
in its final form. 

The Committee also desires to express its thanks to the many gentle- 
men not members of this committee, who have participated in the 
work, especially to Messrs. D. A. Cutler, F. Dannerth, F. S. Deemer, 
F. A. Hull, M. M. Kahn, G. H. Savage and D. Whipple. 


III. RuBBER 


Those who are not familiar with the nature and sources of rubber 
may find some difficulty in understanding the report. The following 
brief outline of these subjects is therefore given, containing the best 
information that could be gathered. 

Rubber is derived from certain tropical trees, creepers and shrubs 
found chiefly in South and Central America, Africa, and Southern Asia. 
When certain species of these plants are tapped, a thick milky-looking 
fluid or latex exudes from them. This latex is composed of very minute 
oil-like colorless refractive globules. Besides these globules, called 
caoutchouc or rubber-gum proper, which hay 
represented by the formula (CioHie)n, the serum contains resins, pro- 
tein and other compounds. Rubber is the coagulated latex, consisting 
of rubber-gum admixed with these impurities. 

Rubber is furnished in America principally by the Hevea, Micandra, 
Manihot, Castilloa and Hancornia plants, usually in the wild state. 


In Africa the principal plants are the Landolphia, Clitandra and Kickxia, 
also wild.” 


€ a chemical composition 


In Asia, there are the Ficus in the wild state and the Hevea in the state 
of cultivation. : 

In the Amazon valley, there are numerous species of Heveas, of which 
the most important is the Hevea Brasiliensis. This tree furnishes the 
most highly esteemed quality of rubber. 

The Heveas in the Brazilian forests are c 
color, from 20 to 30 meters hi 
to 1.20 meters. 


The usual process of tapping these trees is as follows: 
at about 3 to 33 meters from the ground, by means 


ylindrical trees of an ashy 
gh, and attaining a diameter of from 0:80 


Incisions are made 
of a long-handled 
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hatchet. The object of this operation is to make the latex ascend from 
the roots, in an effort to repair the incisions. The milk that oozes out 
is mixed with bark and other impurities and is utilized to make an inferior 
grade of rubber known as sernamby. Two days afterwards, incisions 
are made 2 meters from the ground and tapping cups fastened at the lower 
part of them. The latex collected in these cups is said to be collected 
‘‘prime”’ and furnishes the best rubber. On the following day, the process 
is repeated by making incisions about 7 cm. below the first, this being 
continued on successive days until the ground is reached. 

The rubber is coagulated from the latex by smoking. This is accomp- 
lished by putting the latex on a spatula or flat stick, and holding it over 
a fire made from wood or Urucuri nuts, the smoke of which is rich in acetic 
acid and creosote or similar oily substances. The latex is thus dried in 
successive layers until a ball or biscuit weighing from 20 to 60 kg. is ob- 
tained. The smoke acts as a coagulant, evaporates the water and at 
the same time kills bacteria, which would cause decomposition. Rubber 
prepared in this way is known as “fine Para’, but when the curds or semi- 
solidified latex deposited in the latex basin are incorporated with it, the 
quality is lowered and the product is known as “‘entrefine”’ or ‘“‘medium 
fine’. If these natural curds are collected separately, they are known as 
“coarse Para” or ‘‘sernamby’’, a name which, as mentioned above, is also 
applied to rubber coagulated on the bark of the tree. Up-river Para 
rubber is fine Para collected from the Hevea Brasiliensis trees in the head- 
waters of the Amazon and its tributaries. 

The wild Hevea rubber of Brazil is shipped in biscuits which contain 
from 15 to 20 per cent of impurities, which can be removed by rolling 
and washing with water preparatory to use in manufacture. These 
impurities are absent from plantation rubbers, a circumstance which must 
be considered when the prices of wild and plantation rubber are compared. 

Several kinds of rubber trees are raised on plantations, but the most 
important kind is the Hevea Brasiliensis. Just as the rubber of this tree 
in the wild state varies slightly in composition according to its habitat 
on the upper or lower reaches of the Amazon river, so in the cultivated 
state, a similar variation exists, but to a greater degree. The principal 
source of plantation rubber is Southern Asia. ; 

The latex of plantation rubber is collected in much the same way as in 
the case of wild rubber, but coagulation is usually effected by the addition 
of chemicals. As such coagulation does not usually have the preservative 
effects of smoking, the better grades of plantation rubber are ‘‘cured” 
by exposure to antiseptic smoke. 

The principal forms in which plantation rubber is prepared, are crepe 
and sheet, either of which may or may not be smoked. 

In the preparation of crepe, the strained latex is poured into pails and 
a small quantity of acetic acid is added. This curdles the latex, the curds 
rising in the serum. The resultant curd is passed between steel rollers 
under a stream of water. From this process, the rubber emerges in long, 
thin, corrugated strips, having the appearance of crepe. The process 
is completed by drying. 

For preparing sheet or biscuit, the latex is set in shallow pans, the acid 
added and the clot allowed to stand until it sets quite firm. The water 
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is then squeezed out and drying completed in hot rooms. The curds 
which do not rise with the main clot are made into an inferior grade of 
rubber. 

Curing is effected by hanging the rubber in an atmosphere impregnated 
with creosoted smoke, thus antiseptizing the rubber. It should be ob- 
served that coagulation with acetic acid and curing with creosote chem- 
ically simulates the Brazilian process of smoking with the Urucuri nut. 

Both wild and plantation rubber are used in the manufacture of insu- 
lating compound. It is claimed that some difficulty is experienced in 
obtaining a high tensile strength with some plantation rubbers, and their 
lasting qualities have not been established as well as those of wild Brazilian 
rubber. It is, therefore, desirable, where the greatest durability is to be 
insured, that the grade of rubber should be fine Para or a plantation 
rubber of good grade which is practically indistinguishable from it by 
chemical tests, when compounded. 

Most high grade rubber compounds for insulating wire are prepared 
by mixing rubber gum with sulphur and mineral or organic fillers, such 
as paraffine wax, ozokerite, ceresine, zinc oxide, talc, whiting, litharge, 
barium sulphate, and basic lead sulphate. 

These ingredients are thoroughly mixed on heavy steel rolls, after 
which the plastic compound is either pressed on to the wire through 
dies or applied in the form of a longitudinal strip which is pressed into 
tubular form around the wire. 

The covered wire is then placed in a chamber or vulcanizer containing 
either steam under pressure, or heated air. The duration of this heat 
treatment varies from less than one hour to several hours, depending 
upon operating conditions and the temperature, which is usually from 
120 to 150 deg. cent. Under these conditions the sulphur combines with 
the rubber to form vulcanized rubber. This process of compounding 
and vulcanizing changes the character of the rubber so that its strength, 
insulating qualities and durability are enhanced. 


W. A. DEL Mar, 
P. POETSCHKE, 
E. L. WILtson., 


Sub-committee on publication of report. 
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PRELIMINARY REPORT OF COMMITTEE 


Part I —General Report. 

II —Analytical Procedure. 
III—Explanation of Procedure. 
IV —Specification. 

V —Explanation of Specification. 


Part I—GENERAL REPORT 


1. At the Conference of December 7th, 1911, it was resolved that a 
Committee be appointed to develop a means of specifying and analy- 
zing rubber insulation, the Committee to report its findings at a future 
conference. 

2. The Chairman of the Conference, assisted by other members, 
appointed the following to serve upon this Committee: 

Mr. C. R. Boggs, Simplex Wire & Cable Co., 

Mr. W. S. Clark, General Electric Company, 

Mr. W. A. Del Mar, N.Y.C. & H.R.R.R.Co., 

Mr. W. B. Geiser, * < as “ 

Mr. J. P. Millwood, Consulting Chemist, 

Mr. P. Poetschke, Lederle Laboratories, 

Mr. H. B. Rodman, Pennsylvania R. R. Co. 
Later, at the request of the Committee and by unanimous consent of the 
members of the original Conference, the following were added: 

Mr. J. B. Tuttle, U.S. Bureau of Standards, 

Mr. E. L. Willson, Hazard Manufacturing Company. 
The Committee thus constituted is composed of three railroad men, 
three independent chemists, and three representatives of the manufac- 
turers. Of the nine members, seven are chemists and two are engineers. 

3. The Committee immediately upon its formation decided to confine 
itself to the development of a specification and an analytical procedure 
for compounds of the 30 per cent Para type. In accordance with this 
policy it considered the available analytical procedures and developed 
several which formed the basis of further study. Samples of different 
rubber compounds were analyzed by these tentative methods. The 
results were unsatisfactory and the discrepancies were investigated. Sub- 
committees were formed to do much of this work. Twelve regular 
committee meetings, besides numerous sub-committee meetings, were 
held; thirteen different compounds were distributed to be analyzed by 
the entire committee, and many more compounds were experimented 
upon by the sub-committees and individual members. 

4. The outcome of this work has been a gradual elimination of errors 
and the development of a procedure which, with experience, will give 
uniform and consistent results. 

5. The Committee feels that the procedure which it has developed 
is not perfect and believes that it should be put into use for a year before 
being offered as final. With this in view the Committee hereby presents 
to the Conference, a preliminary procedure and requests the permission 
of the Conference to publish it and obtain the results of experience with 
it during the ensuing year. The Committee proposes to avail itself of 
the experience gained in this year and to incorporate whatever improve- 
ments it may decide upon in a final report, 
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6. The Committee has also made a study of specifications for rubber in- 
sulating compound. It presents herewith a chemical specification for 
a compound containing 30 per cent of Hevea rubber with mineral fillers 
and requests that this specification, like the analytical procedure, be 
considered as tentative. 

7. There may still exist the possibility of making compounds which 
will conform to the specification when analyzed by the procedure, but 
which are not compounded as desired. The Committee believes, how- 
ever, that the probability of such compounds being supplied is very small 
indeed. After more experience with the procedure it may be possible 
to narrow the limits prescribed in the specification. 


Part II— PROCEDURE FOR THE ANALYSIS OF RUBBER COMPOUND 
Object of the Analysis , 

1. The object of this procedure of analysis is to determine whether 
rubber compounds comply chemically with the accompanying specifi- 
cation which is intended to secure compounds containing 30 per cent of 
the best Hevea rubber, and mineral fillers. 


TWO 2 GM. SAMPLES OF RUBBER 
(MAKE ACETONE EXTRACTIONS) 


ACETONE EXTRACT (UNITED) RESIDUE 


(SAPONIFY WITH KOH) (MAKE CHLOROFORM EXTRACTION) 
UNSAPONIFIACLE MATERIAL ALKALI SOLUBLE ACETONE EXTRACT RESIDUE CHLOROFORM ExTRACT 
(DISSOLVE IN ALCOHOL) (TREAT WITH KNOg ETC.) (SAPONIFY WITH KOH) 
INSOLUBLE SOLUBLE FREE SAPONIFIABLE ACETONE RESIDUE GAPONIFIABLE 
HYDROCARBONS UNSAPONIFIABLE SucpHUR. EXTRACT EXTRACT 
A MATERIAL ——— (TREAT WITH: HCI AND ETHER) 
(TREAT WITH CCI, & Hy 804) 
2 RESIDUAL 
OH EXTRACT 
UNSAPONIFIABLE HYOROCARBONS SOLUTION soe SE 
ee pee a 
RESINS B 


TOTAL WAXY HYDROCAREONS =A+B WEIGH SUBSTANCES WITH NAMES UNDERLINED 


OTHER SUDSTANCES BY DIFFERENCE 


D1aGRAM A.—OUTLINE OF METHOD OF RUBBER ANALYsIS EXCLUSIVE OF 
FILLERS AND SULPHUR DETERMINATIONS 


Outline of Procedure 


2. The general procedure is shown by the accompanying diagram A, 


which gives an outline of the Separations to be affected by acetone and 
chloroform extractions, and Saponification with alcoholic potash. 
General 


3. Make the analysis upon the insulation after vulcanization and, 
whenever possible, before the saturation of the braid. Wipe the insu- 
lation thoroughly with a damp cloth to remove any adhering material, 
but do not remove waxy hydrocarbons from the surface. 

4. If, however, a saturated braided sample must be used, remove the 
braid and sandpaper the insulation to a depth of at least 5/1000 of an 
inch and wipe with a damp cloth. In such cases report the condition 
of the sample. 

5. Perform all determinations in duplicate and take the average value 
arbitrarily as the true value. Duplicate determinations must check 
within the limits specified. 

6. Make blanks on all determinations and deduct the results accord- 
ingly. 
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Sample 


els 
weighing about 25 grams. 


Remove the insulation entirely from sufficient wire to give a sample 
Cut this into small strips and grind slowly 


in either a No. O Enterprise coffee mill or a mill such as shown by the 


i 
basa 


7 2474 
4991427 ———><-4.60- 


2.38 i ; 


GRINDING PLATES OF THE NO.0 


ENTERPRISE COFFEE MILL TO BE USED 


DIAGRAM B.—RUBBER GRINDER 
(All dimensions in centimeters) 


accompanying diagram B. Adjust 


20 per cent will pass through a 40-rmes 


Sih ! ) BLOCK TIN TUBING 
a a 
7 


170 


120. 
FILTER PAPER THIMBLE WHICH 
HAS BEEN EXTRACTED WITH 
ACETONE AND CHLOROFORM 


DIAGRAM C.—RUBBER ANALYSIS 
ExTRACTION APPARATUS 
(All dimensions in millimeters) 


the grinder so that not more than 
h sieve. Sift all the material through 
a 20-mesh sieve, regrinding what is 
retained on the sieve until the entire 
sample has passed through. The 
wires of the sieves shall be evenly 
spaced in both directions and shall be 
of 0.016 and 0.010 inches diameter in 
the 20 and 40 mesh sieves respective- 
ly. Remove with a strong magnet 
any metal that may have come from 
the grinder and thoroughly mix the 
sample. 
Extraction Apparatus 

8. The extraction apparatus shall 
conform with the accompanying dia- 
gram C. It shall be heated so that 
the period of filling an empty syphon 
cup with acetone and completely 


~ emptying it, will be between 24 and 
* 32 minutes. 


Preparation of Reagents 
9. Acetone shall be freshly distilled 
over anhydrous K2COs using the 
fraction 56-57 deg. cent. 
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10. Alcoholic KOH solution shall be of normal strength and shall be 
made freshly by dissolving the proper amount of KOH (purified by alcohol), 
in 95 per cent alcohol which has previously been distilled over KOH. 
The solution shall be allowed to stand for 24 hours and only the clear 
liquid used. 

11. Ether shall be washed with three successive portions of distilled 
water and distilled, using the fraction 34-36 deg. cent. 

12. Chloroform shall be pure and freshly distilled. 

13. Carbon tetrachloride shall be pure and freshly distilled. 

14. Reagents not otherwise specified shall be c.p. 


Acetone Extraction 


15. Extract continuously with 60 cu.cm. acetone for eight hours, 
two 2-g. samples that have been prepared within 24 hours. Unite the 
extracts in a weighed flask, using hot chloroform to rinse the flasks. Dis- 
till off the reagents and dry the flask and contents for four hours at 95- 
100 deg.cent. Desiccate until cool and weigh. Continue to dry for two- 
hour periods until constant weight is obtained. In drying, place the flask 
on its side but at a sufficient angle from the horizontal so that the extract 
does not appreciably run down the side of the flask. 


Unsaponifiable Material 

16. Add to the acetone extract 50 cu. cm. alcoholic KOH solution, 
boil under a reflux condenser for two hours, and evaporte to dryness, 
removing all alcohol. Add 10 cu.cm. water and 20 cu.cm. ether; heat 
until the wax etc. are in solution, cool, transfer to a separatory funnel, 
wash out the flask with warm water and then cool,finally with two 20cu.cm 
portions of ether. The water volume should be 100 cu.cm. and the ether 
at least 40 cu.em. Shake vigorously for two minutes, and allow the solu- 
tions to separate thoroughly. Draw off the aqueous solution into a 
second funnel, leaving in the first funnel the etherial solution and any floc- 
culent material that may be present. Again rinse the flask with 20 cu.cm. 


utes, and when separated draw off the aqueous solution and unite in the 
first funnel the etherial solutions and any flocculent material. Repeat, 


free from alkali, subsequently using this wash water to wash the etherial 
solution. Continue washing with water until it has been washed twice 
after it shows no alkaline reaction. Retain with the etherial solution 
any flocculent material. Filter the etherial solution from the flocculent 
material, through a small pellet of extracted cotton, into a weighed flask, 
washing first with ether and subsequently with hot chloroform, using 
this to rinse the original flask and both Separatory funnels. Evaporate 
the solvents and dry the extract to constant weight at 95-100 deg.cent; 
desiccate until cool and weigh. 
Hydrocarbons A 
17. Add 50 cu.cm. absolute alcohol to the unsaponifiable material 


and warm until solution is as complete as possible. Cool the solution to 
—4or—5 deg.cent.and Maintain at this temperature for one hour by pack- 


a 
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ing the flask in a mixture of ice and salt. Filter out the waxy hydro- 
carbons, using a funnel packed with ice and salt, and apply suction if 
necessary. Wash the flask and filter with about 25 cu.cm. of 95 per cent 
alcohol, which has been previously cooled in the same temperature. 
Catch the filtrate in a flask which is afterwards cooled to — 4 or — 5deg.cent. 
to make sure that all possible waxy hydrocarbons have been removed, 
and refilter if necessary. Dissolve the residue on the filter paper with 
hot chloroform, into the original flask. Evaporate the chloroform and 
dry the flask to constant weight at 95-100 deg.cent.; cool in a desiccator 
and weigh. 
Hydrocarbons B 

18. Evaporate the alcohol from the flask containing the alcohol 
soluble unsaponifiable material add 25 cu.cm. carbon tetrachloride and 
transfer to a separatory funnel. Shake with conc. H2SO,, drain off the 
discolored acid and repeat with fresh portions of acid until there is no 
longer any discoloration. After drawing off all the acid, wash the carbon 
tetrachloride solution with repeated portions of water until all traces of 
acid areremoved. Transfer the carbon tetrachloride solution to a weighed 
flask; evaporate off the solvent and dry the flask to constant weight at 
95-100 deg.cent. Cool ina desiccator and weigh. 


Free Sulphur 

19. Add two grams KNO; to the aqueous solution and washings from 
the etherial separation of the unsaponified material. Evaporate to dry- 
ness in a silver or nickel dish and heat to quiet fusion, avoiding contamin- 
ation with sulphur fumes. Transfer with water to an evaporating dish, 
acidify with HCl, evaporate to dryness, and dehydrate silica. Add 
2 cu.cm. cone. HCl, take up in water, filter and wash, making a volume 
of 200 cu.cm. Heat to boiling and add slowly a slight excess of hot 10 
per cent BaCle solution. - Allow to stand over night, filter, wash, ignite, © 
weigh the BaSO, and calculate to sulphur. 

Definition of Terms Describing Compounds of Acetone Extract 

20. The difference between the Acetone Extract and the Free Sul- 
phur shall be called the Organic Extract. 

21. The difference between the Organic Extract, and the Unsaponi- 
fiable Material shall be called the Saponifiable Acetone Extract. 

22. The sum of the Hydrocarbons A and B shall be called the total 
Waxy Hydrocarbons. 

23. The difference between the Unsaponifiable Material and the Waxy 
Hydrocarbons shall be called Unsaponifiable Resins. 


Chloroform Extraction 

24. Extract continuously the residue from one of the acetone extrac- 
tions, (without necessarily removing the acetone that may be on it), for 
four hours with 60 cu.cm. chloroform, using a weighed flask. Distill 
off the solvent and dry the flask and contents for two hours at 95-100 deg. 
cent. Desiccate until cool and weigh. Continue to dry for one hour 
periods until constant weight is obtained. In drying, place the flask on 
its side but at a sufficient angle from the horizontal so that the extract 
does not appreciably run down the side of the flask. (If it is needful to 
wait after the acetone extraction, before starting the chloroform extrac- 
tion, the sample must be kept ina vacuum of at least 50 mm. of mercury.) 
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Alcoholic Potash Extraction 

25. Dry the residue from the chloroform extraction at 50-60 deg.cent., 
put into a 200-cu.cm, Erlenmeyer flask with 50 cu.cm. alcoholic KOH 
solution and boil for four hours under a reflux condenser. Filter the 
solution into a beaker and wash twice, using each time 25 cu.cm. hot 
absolute alcohol and then wash thoroughly with hot water. Evaporate 
the solution to approximate dryness, take up in warm water and transfer 
to a separatory funnel. Acidify with 15 cu.cm. 5 normal HCl, using 
this to rinse the beaker. Add sufficient water to make the bulk of the 
solution 100 cu.cm. When cool add 40 cu.cm. ether, using it to rinse 
the beaker in 20-cu.cm. portions. Shake the aqueous and etherial solu- 
tions thoroughly. After complete separation, draw off the aqueous 
solution and treat in another separatory funnel, with a fresh 20-cu.cm. 
portion of ether. Continue to shake the aqueous solution with fresh 
portions of ether until a colorless portion has been obtained, then shake 
out twice more. Unite the etherial solutions and wash with successive 
additions of water, continuing twice after the water shows no acid reac- 
tion. Filter through a plug of extracted cotton into a tared flask, wash 
the filter and funnel with ether, evaporate the ether without boiling and 
dry the residue to constant weight at 95-100 deg.cent. Cool in a desic- 
cator and weigh. 

Fillers 

26. Extract a 1-g. sample with acetone for five hours. Transfer the 
residue to a tall lipped 200-cu. cm. beaker, add 40 cu.cm. terebene and 20 
cu.cm. xylol and heat on an oil bath at 105-110 deg.cent. for about 20 
hours, or until the bulk of the fillers settle promptly after stirring. Oc- 
casional stirring will aid the solution. Allow the beaker to stand until 
the fillers and undissolved residue have settled thoroughly and decant 
the supernatant solution into a beaker. Add to the undisturbed residue 
30 cu.cm. terebene; heat for several hours, allow to settle, decant, unite 
the decanted solutions and repeat this treatment as long as there is any 
indication of rubber being present. Continue to heat the decanted solu- 
tions during the further treatment of the undissolved residue and filter 
them through a tared filter paper. This filter paper must be of close tex- 
ture and shall have been washed with terebene, alcohol and acetone. 
The tare filter shall be treated with the same solvents and dried in the 
same manner throughout the analysis as the filter containing the residue. 
Weigh all filter papers in weighing bottles of sufficient size to take them 
without folding. Refilter if mineral matter runs through. Wash the 
beaker that contained the decanted solutions and the filter paper, with 
benzol, using a second beaker to catch the filtrate. Add benzol to the 
beaker containing the residue, heat and after settling decant, repeating 
this treatment with benzol until it is thoroughly washed, Filter and wash 
well with benzol. Wash in the same manner both beakers with hot 
alcohol and then transfer the residues to the filter paper, using hot alcohol 
and an acetone extracted policeman. Wash finally with acetone. Dry 
in air at 95-100 deg.cent. and weigh. Again wash the filter paper and 
contents with benzol and alcohol, dry, weigh and repeat this treatment 
until constant weight is obtained. Evaporate all the filtrates and wash- 
ings, transfer to a porcelain dish, burn off and weigh. Add this amount 
to the fillers found above. If this ash is greater than 1 per cent, the entire 
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determination shall be repeated. Subtract 0.5 per cent as anarbitrary value 
for the amount of organic matter from the rubber retained with the fillers. 


Sulphur in Fillers 
27. Transfer the fillers from the filter paper into an iron crucible; 
burn the filter paper and add the ash to the crucible. Add the Total 
Sulphur flux and proceed with the determination of sulphur as in Section 
28, Total Sulphur. Subtract the percentage of sulphur found from the 
percentage of fillers to determine the percentage of fillers free from sulphur. 


Total Sulphur 

28. Mix a 0.5-g. sample with 4 g. Nao02 and 6 g. K2CO; in a dry 15- 
cu.cm. iron crucible. Cover and heat gradually until the mixture fuses, 
proceeding cautiously, as rapid heating will cause an explosion, and then 
bring to quiet fusion for 15 to 20 min. Apply the heat so as to avoid 
contamination with sulphur fumes. Rotate the crucible while the melt 
solidifies. When cool, put crucible and cover into a casserole containing 
200 cu.cm. of water; add 5-10 cu.cm. bromine water and boil until the 
melt is dissolved. Allow the precipitate to settle, decant the liquid 
through a thick filter and wash the residue with hot water. Acidify the 
filtrate with HCl, evaporate to dryness and dehydrate silica; add two cu. 
em. conc. HCL., take up in water, filter and wash, making the total volume 
about 400 cu.cm. Heat to boiling and add slowly a slight excess of hot 
10 per cent BaCle solution. Allow to stand over night, filter, wash, 
ignite, weigh the BaSO.« and calculate to sulphur. 


Specific Gravity- 

29. The specific gravity shall be the ratio of the weight of a given 
volume of the rubber, to the weight of an equal volume of water, both 
at 20 deg.cent. Cut strips of the largest applicable size from the con- 
ductor and use about 5 g. for the sample. Determine the specific 
gravity in the usual manner by means of a specific gravity bottle. Care 
must be taken that no air bubbles adhere to the sample. 


Checks 
30. Specific gravity determinations shall check within 0.01. The 
other duplicate determinations shall check within the following limits 
expressed as percentages of the original sample. , 


Determination Check 

IGS aS DEANS 0005 0601000010 Da bd ODDO CUGIGr ORES GiT Ga eae 0.10 
Saponifiable Acetone IDSCHe Ginn GonoroGa ne CoCo UIOe OOOmD OCT AD 0.10 
Unsaponifiable Resins: 20-2. 2/ race vse e eter sents es 0.10 
Ronee ely GrOCAND ODS yacrteet=r lone Irate o> oes eicicielo est 2 Sa 0.10 
Te. SHEARER: «boc 060.00 H Se SOUO ON OU 0) DOI OT ideas 0.05 
(GinG aiaan 1DPATERS gunned ABT 400 000g COC MOTO ECE sas 0.10 
GlepInGIE@ TRGVERIN WeRE io Goan womse ba OOOO ODE COC RRO Qua a 0.10 
Pullers tires trom stl phir. ter ofietsra ack us Sore itan cna ahs 2 os0 hg 0.50 
0.10 


Interpretation 
31. The Rubber shall be considered to be the difference between 100 
and the sum of the Waxy Hydrocarbons, Total Sulphur and the Fillers 
(free from sulphur), expressed as percentages. If the Chloroform Ex- 
tract is over 3.0 per cent of the rubber so calculated, subtract the excess 
from the Rubber. If the KOH extract is over 1.8 per cent of the Rubber, 
as first calculated, stibtract this excess also from the Rubber. 
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Carbon and Red Lead 

32. Heat about one g. of the sample with 30 cu.cm. conc. HNO; and 
15 cu.cm. water. A black insoluble residue indicates the presence of 
carbon. : 

When the rubber is dissolved, in the fillers determination, the absence 
of any red particles indicates the absence of red lead. Ifred particles are 
present, dissolve another sample by the same method as the fillers (Sec- 
tion 26), filter the solution into a Gooch crucible and wash thoroughly. 
Remove the felt and residue to a distilling flask, add HCl, and distill over 
the chlorine liberated by the lead peroxide, absorbing the gas in a solu- 


ee 
tion of KI and starch. Not more than 0.1 cu.cm. 10 thiosulphate shall 


be required to titrate the iodine liberated. 


Statement of Results 
33. The results of the analysis shall be stated in the following form: 


Per cent 
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Fillers free from sulphur 
Total sulphur 
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Part III—ExpLanatTIon OF PROCEDURE 


General 

1. The Committee felt the more acceptable solution of its problem 
of drawing up a procedure which would give the percentage of rubber 
present in a compound with a reasonable degree of accuracy, to be the 
perfection and amplification of the difference method rather than the 
development of a direct method, which if equally correct, might not in- 
spire confidence because of the comparative novelty of its application 
to this purpose. 

2. The most feasible means of limiting the kind of rubber, was con- 
sidered to be the determination of the saponifiable and unsaponifiable 
resins. These are fairly constant characteristics of the resins of Hevea 
rubber, and of compounds made from the same. Other methods, such 
as the determination of the saponification number and the optical activity 
of the resins, were thought to be unpractical. 

3. The method as developed is applicable to the analysis of any pure 
rubber compound containing only mineral matter with or without cere- 
sine or paraffine wax, regardless of the kind or amount of rubber, and can 
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be used in conjunction with other specifications provided the limits are 
changed to correspond with the amount and kind of rubber desired, and 
due consideration is given to interfering mineral matter. When applied 
to a compound without ceresine or paraffine wax the unsaponifiable 
acetone extract is the unsaponifiable resins. 

4. The method has been definitely described, to make it certain that 
experienced chemists may obtain concordant results. The interpreta- 
tion has been rigidly defined, obviating any ambiguity as to the meaning 
that will be assumed, even though this sometimes appears to be arbitrary. 


Sample : 

5. In order to obtain uniform results, the Committee has established 
by experiment that a definite method of sampling has to be adopted and 
that for all extractions the sample must be reduced in a prescribed manner 
to at least an approximately similar degree of fineness. For this reason 
the procedure specifies a definite type of grinder obtainable in two forms, 
and also specifies definite sieves. 


Extraction Apparatus 

6. The Committee has proved that the extraction apparatus used 
by different chemists must be of exactly the same form and the same size. 
It was also proven that small samples in the apparatus give the maximum 
results and that the rate of extraction is dependent upon the amount of 
solvent and its temperature as it passes through the sample. The 
apparatus finally adopted combines the advantages of several forms that 
were studied and together with simplicity of operation and adjustment 
to uniform conditions, gives practically complete extraction when used 
as specified. A number of other variations that might have a possible 
effect upon the amount of extract, were tried but found to be inappreciable. 


Acetone Extraction 

7. The extraction is made within 24 hours of the preparation of the 
sample, so obviating any appreciable oxidation. Two samples are ex- 
tracted and united, so that a larger amount of extract may be obtained 
for the subsequent separations, and the extraction apparatus kept within 
a convenient size. Hot chloroform is used to facilitate the complete 
transference of the extract. The flasks are placed on their sides when 
drying, to hasten the emission of the solvent and thus reduce chance of 
volatilizing, through longer heating, some of the more volatile constitu- 
ents of the extract. Drying in vacuo at room temperature, does not 
remove all the moisture if paraffine-is present and such drying with heat 
or at 100 deg. cent. in aninert gas, presents no practical advantage over 
the method given. 

Separation of the Acetone Extract 

8. The method given was devloped so that all the desired constituents 
could be determined on one sample. 

9. Emphasis is laid on thorough extraction of the unsaponifiable 
material and the retention of the flocculent material with the etherial 
solution. This latter material is not soluble in either ether or water, 
but it was proven that if such as was chloroform-soluble was included in 
the unsaponifiable material, the subsequent determination of the hydro- 
carbons would be more exact. A portion of this flocculent material is 


insoluble in chloroform. 
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10. The hydrocarbons are determined in two places, making an 
approximate separation between the solid and the liquid ones, if both are 
present. The first hydrocarbons (A) are those insoluble in the solvent 
at a low temperature. The presence of unsaponifiable resins in the solu- 
tion prevents the more complete freezing out of the hydrocarbons, but 
the remainder is obtained after treatment of the resins with sulphuric acid. 
In this way, chance of loss through the action of the acid has been largely 
eliminated. 

11. The method for free sulphur gives all the sulphur in the acetone 
extract with the exception of negligible amounts which may be in the 
unsaponifiable material. It was proven that the results agree with de- 
terminations made directly on other acetone extracts. 

12. The saponifiable and unsaponifiable resins are obtained by dif- 
ference. 

Chloroform Extraction 

13. The chloroform extraction should be made at once after the ace- 
tone extraction, or the sample put in a vacuum, so as to avoid the danger 
of an abnormally high extract. When the extract is dried as specified, 
constant weight is obtained before any appreciable oxidation occurs. 
If bituminous substances are present, that portion which has not been 
extracted by the acetone, will be largely soluble in chloroform and can 
be readily distinguished by its color. The amount of extract is also 
affected by the presence of uncured rubber and rubber of low degree of 
polymerization. A properly cured Hevea compound will always give a 
little extract with chloroform, which varies somewhat with the method 
and conditions of cure. 

Alcoholic Potash Extraction 

14. The alcoholic potash extraction is the usual Saponification process 
for obtaining the fatty acids of rubber substitutes. The total amount 
of such substitutes is not obtained, but if any appreciable amount is 
present, the value will exceed that of the limit allowed. When no sub- 
stitutes are present, this determination always yields a small amount of 
extract from Hevea rubber. 

Fillers 

15. Since the rubber is determined by difference, it is necessary to 
determine the amount of fillers. Ashing the compound gives accurate 
results provided no volatile or decomposable fillers are included. cininise 
however, cannot be assumed to be the case. The determination of fillers 
by using solvents to dissolve the rubber, has always presented a difficult 
problem and it is only after a great many experiments that the Com- 
mittee can report a reasonably satisfactory method. 

16. Many kinds and probably every class of rubber solvents were 
tried, with the result that some did not completely dissolve the rubber 
at low temperatures and ordinary atmospheric pressure; others appeared to 
dissolve the rubber, but formed a colloidal solution holding some of the fill- 
ers which could neither be filtered nor centrifuged clear of mineral matter, 
and the ones that did not present these difficulties consumed much time. 

17. Terebene was found to be the solvent which would most com- 
pletely dissolve the rubber and after continued heating would completely 
destroy the rubber in solution as such, and so break up the colloidal solu- 
tion. Filtering out the mineral matter is then a comparatively simple 
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process. The treatment with terebene must be performed in the presence 
of air to break up the colloidal solution. A disadvantage of using terebene 
is the length of time required to obtain satisfactory solution. The speed 
is greatly hastened if at first xylol is used with the terebene. After de- 
canting this solution, terebene is used alone. The rapidity of the action 
is also hastened by increasing the temperature. That specified gives 
reasonable speed without serious danger of carbonizing the rubber or 
of losing any of the fillers by decomposition. 

18. It was proven that there is organic matter derived from the rubber, 
which is insoluble in the solvents and remains with the fillers. Without 
taking this into account, the fillers will appear high, and the rubber by 
difference, low. As this organic matter was proven to be largely proteid 
matter, and this was originally a part of the rubber, an allowance is made 
forit. This is the amount generally retained when the method is carried 
out as specified. It is possible, by centrifuging, to throw out of the solu- 
tion a great deal more than this, and it is also possible to determine the 
approximate amount retained in each case, but the slight increase in 
accuracy does not justify the extra determination. 

19. Most of the details of this procedure are self-evident, but it is- 
probably worthy of note that the benzol solutions are filtered into a 
separate beaker, as otherwise the benzol is apt to precipitate, from the 
terebene solution, organic matter which may be mistaken for mineral 
matter or conceal mineral matter passing through the filter. The fil- 
trates are ashed since traces of mineral matter are always found in them. 
Emphasis must be laid upon the necessity of conducting blanks on the 
solvents. 

Sulphur in Fillers 

20. The sulphur in fillers is determined in order to calculate the rubber 
by difference. It is carried out only on the fillers obtained on the filter 
paper, the sulphur in the ash from the filtrate and washings, being neg- 
ligible. 

Total Sulphur 
21. Several methods for total sulphur were tried. The method given 
_was found to yield accurate results. 
Interpretation of Results 

22. Emphasis is laid on the method of calculating the results. The 
saponifiable acetone extract and the unsaponifiable resins are considered 
to be parts of the rubber. The chloroform and alcoholic potash extracts, 
when within the limits specified, are also so considered. It has been ex- 
plained that the proteid matter with the fillers has been allowed for, since 
it also is a part of the rubber. The fillers are calculated sulphur-free, 
so that the sulphur will not be subtracted twice. No allowance is made — 
for the ash in the raw rubber as it is considered to be negligible. This 
method of calculation has to be adopted if the rubber found is to agree 
with that originally put into the compound. 

: Moisture 

23. A determination of moisture is not given, as electrical tests will 
detect its presence if in excess, If electrical tests are required, the error 
introduced by the omission of this determination, is very small. 

Note: With a procedure of this length it is impossible to explain every 
detail without undue elaboration and the Committee wishes to point out 
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that while to experienced chemists the procedure may seem overburdened 
by detail, yet every specified detail was found necessary in order that the 
conditions essential to accurate and consistent work might be reproduced 
by all chemists using the procedure. For this reason it is extremely 
important that all instructions be observed even if their significance is 
not perceived by the individual chemist. It will probably be found that 
even with the instructions properly observed, some experience will be 
needed to apply the method successfully. 


Part IV—SPECIFICATION FOR 30 PER CENT HEVEA RUBBER COMPOUND 


1. A 30 percent fine Para or smoked first latex Hevea rubber compound 
with mineral base, shall be furnished. It shall contain only the follow- 
ing ingredients: 

Rubber. 

Sulphur. 

Inorganic mineral matter. 

Refined solid paraffine or ceresine. 

2. It shall not contain either red lead or carbon. 

3. The vulcanized compound shall conform to the following require- 
ments, when tested by the procedure of the Joint Rubber Insulation 
Committee. 

* (a) Results to be expressed as percentages by weight of the whole 
sample: 


Maximum Minimum 
RUUD bers anasto sot say's tard tusmacbela hele aicieto macro ete 33 30 
WAxy yCroCarbomsds veer. oerec entrance creme 4 
Bressstlphin aah erdecnten ce ok ene tek eel te oe 0.7 


(b) Results to be taken between the limits given in proportion to 
the percentage by weight of rubber found: 


Limits allowed for 30 per cent Rubber Compound. Maximum Minimum 


Saponifiable acetone extract...........-+-.ceeeue 1.35 0.55 
Unsaponifiiable resins, in. ae ete eee eee nee 0.45 
Chioroformvextracta. (co cee eee 0.90 
Alcoholigspotash extractuc ad. cee nek tenes 0.55 

Lotal sulphur. (see mote 2). ede atin: see 2,10 ree 
SPECHIG/OTANIHI Wane wt oor na eure re Sete ee eee Sere Uo 
Limits allowed for 33 per cent Rubber Compound. 

Saponifiable acetone extract...................-. Loo 0.60 
Unsap onifiablemesine ayo aanne ae eee meee Aone 0.50 
Chloroformrextiact truss enter ee ne 1.00 
Alcoholic¢potashiextract.. 40. 4/me yess de weeee 0.60 

Total stl phum (see mote 2) aimee ee eee ete 2.30 a aye 
DECC: sravith ys: essere as ee Ped ee  e eee arecade 1.67 


4. The acetone solution shall not fluoresce. : 

5. The acetone extract (60 cu.cm.) shall be not darker than a light 
straw color. 

6. Hydrocarbons shall be solid, waxy and not darker than alight brown. 

7. Chloroform extract (60cu.cm.) shall be not darker than a straw color. 

8. Failure to meet any requirement of this specification will be con- 
sidered sufficient cause for rejection. 

9. Contamination of the compound, such as by the use of impregnated 
tapes, will not excuse the manufacturer from conforming to this specifi- 
cation. 


Note 1: This specification shall be supplemented by appropriate 
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clauses relating to tensile strength, elasticity, insulation resistance and 
dielectric strength. , 

Note 2: The limit on total sulphur may be omitted at the option of 
the purchaser. See Part V of Report. 


PART V—EXPLANATION OF SPECIFICATION 

1. Experience has shown that compounds which upon analysis, show 
the characteristics of good Hevea rubber, may be relied upon to be more 
permanent than those made of rubber of other grades. It is not affirmed 
by the Committee that a compound which conforms with this specifi- 
cation, is necessarily permanent, or that a better compound cannot be 
made, but it is believed that enforcement of the specification will limit 
the use of inferior materials and that it will put the manufacturers more 
nearly upon an equality of endeavor, where they can use their experience 
to obtain the best results. Used in connection with the analytical pro- 
cedure, the specification will enable purchasers to order a good compound 
and to ascertain with a greater certainty than heretofore, whether the 
material received, represents the compound specified. 

2. The term Hevea applied to rubber means rubber from the Hevea 
Brasiliensis tree whether wild or cultivated and regardless of the locality 
in which it has been grown. Para rubber is Hevea rubber which has been 
shipped from the port of Para, Brazil, and comes in several grades. 
Smoked first latex Hevea rubber is a high grade of plantation rubber which 
is collected prime and consists entirely of rubber which has risen in the 
settling vats. It is coagulated chemically and smoked in order to give 
it a hard cure, which ensures the greatest durability. The rubber required 
by this specification should be Hevea rubber of good quality, such a fine 
Para or smoked first latex plantation rubber. 

3. Carbon is excluded because.it is considered, by some purchasers, 
to be deleterious. 

4. Red lead is excluded because of the possibilities of its deleterious 
effects on the rubber. 

5. Ozokerite is prohibited because the acetone extract obtainable 
from it interferes with the separation of the acetone extract obtainable 
from the rubber, thereby vitiating the assay of the rubber extract. This 
prohibition is unimportant to the manufacturers, as ceresine, which is 
permitted, is the essential constituent of ozokerite. 

6. An upper limit is placed upon the rubber in order to prevent the 
attainment of electrical and mechanical strength by the use of an extra 
quantity of inferior rubber whose lasting qualities might not be satisfactory. 

7. The hydrocarbons are limited owing to their tendency to separate 
from the compound and thus possibly cause porosity. 

8. The free sulphur is limited because an excessive amount may be 
deleterious. 

9. The maximum limit on the saponifiable acetone extract is to pre- 
yent the use of raw or reclaimed rubber with high saponifiable extract. 
The minimum limit assists in forcing the use of Hevea rubber, since it is 
characteristic of the acetone extract from Hevea rubber to be largely 
saponifiable. 

10. The unsaponifiable resins are limited because a low proportion 
of unsaponifiable resins is characteristic of Hevea rubber. A high result 
might be due to the presence of reclaimed rubber. 
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11. The chloroform extract is limited, first to prevent the use of bi- 
tuminous substances, and second, to limit depolymerized and under- 
cured rubber. 

12. The alcoholic potash extract is limited to prevent the use of 
saponifiable rubber substitutes. 

13. The specific gravity is limited to reconcile the specification of 
ingredients by weight with the practise of purchasing material by volume. 

14. Fluorescence of the acetone solution is prohibited as it indicates 
the presence of mineral oils. 

15. The color of the acetone extracts is specified to conform with the 
normal color of the extract from Hevea rubber. A darker color indicates 
adulteration or an inferior grade of rubber. 

16. The hydrocarbons are required to be solid in order to prevent the 
use of oils and paraffine of low melting point. The shade required is 
that obtained from paraffine wax or ceresine. If hydrocarbons B are 
liquid this would indicate reclaimed rubber softened with mineral oil, 
or a poor grade of paraffine. 

17. The color of the chloroform extract is specified to conform with 
the color of dissolved gum in minute quantities. The presence of bi- 
tuminous substances would be indicated by a brown or black color. 

18. It would be desirable that the sulphur of vulcanization be limited 
to exclude reclaimed rubber, which contains the sulphur of its previous 
vulcanization, but the Committee has not yet developed an acceptable 
method for determining this quantity. It is, therefore, confronted with 
the choice of either placing a limit on the total sulphur or giving up the 
attempt to exclude shoddy by sulphur limitation. Option is therefore 
given to the purchaser to insert or omit the limit on total sulphur. Such 
insertion will at times exclude reclaimed rubber and the Committee be- 
lieves it possible to make a suitable compound with this limitation. The 
Committee thinks that a sulphur limit positively excluding reclaimed 
rubber, would place too great a hardship, in other ways, on the man- 
ufacturers. Where the specification is used with no total sulphur limit, 
the use of many kinds of, or much, reclaimed rubber, will be guarded 
against by the limits of the various components of the acetone extract. 
When the limitation on total sulphur is omitted, sulphur-bearing fillers, 
which possess certain advantages, may be used. 

19. This specification should be supplemented by appropriate elas- 
ticity and tensile strength tests, in order to add to the assurance that good 
rubber has been used and that the vulcanization process has been properly 
carried out; also by appropriate electric stress and resistance tests, to 
assure proper insulating qualities and homogeneity of structure. The 
exact values of the limits for these tests will depend upon the use to which 
the material is to be put. 
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STANDARDIZATION RULES* 


OF THE 


AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


HISTORY OF THE STANDARDIZATION RULES 


The first step taken by the Institute toward the standardization of 
electrical apparatus and methods was a topical discussion on ‘‘ The Stand- 
ardization of Generators, Motors and Transformers,’’ which took place 
simultaneously in New York and Chicago on the evening of January 26, 
1898. The discussion appears in the Institute TRANSACTIONS, Vol. 
XV, pages 3 to 32. The opinions expressed were generally favorable to 
the scheme of standardization of electrical apparatus, although some 
members feared that difficulties might arise. As a result of this dis- 
cussion, a Committee on Standardization was appointed by the Council 
of the Institute, consisting of the following members: 

FRANcIS B. CROCKER, Chairman. 


Cary T. HUTCHINSON CHARLES P. STEINMETZ 
ARTHUR E. KENNELLY Lewis B. STILLWELL 
Joun W. Lies, JR. ELiHU THOMSON 


After a careful consideration of the matter and consultation with the 
members of the Institute and interested parties generally, a ‘‘ Report 
of the Committee on Standardization,” was presented and accepted by 
the Institute, June 26, 1899. Those original rules appeared in the In- 
stitute TRANSACTIONS, Vol. XVI, pages 255 and 268. 

As a result of changes and developments in the electric art, it was 
subsequently found necessary to revise the original report, this work 
being carried out by the following Committe on Standardization: 

FrRANcIs B. CROCKER, Chairman. 


ARTHUR E. KENNELLY CHARLES P. STEINMETZ 
Joun W. Lies, Jr. Lewis B. STILLWELL 
Cy OO) MAILLOUx ELigvu THOMSON 


This revised report was adopted at the 19th Annual Convention at 
Great Barrington, Mass., on June 20, 1902, and appears in the Institute 
TRANSACTIONS, Vol. XIX, pages 1075 to 1092. 

In consequence of still further change and development in electric :1 
apparatus and methods, it was decided in September, 1905, that a second 
revision was needed, and the following Committee was appointed to do 


this work. ; 
FRANCIS B. CROCKER, Chatrman. 


ARTHUR E. KENNELLY, Secretary. 


HENRY S. CARHART CHARLES F. SCOTT 
Joun W. Lies, JR. CHARLES P. STEINMETZ 
C. O. MAILLOUXx HENRY G. STOTT 
Rospert B. OWENS S. W. STRATTON 


*NOTE: This edition of the Standardization Rules, which became effective July 1, 1915, 
is a revision of the edition of December 1, 1914. 
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This Committee held monthly meetings and carried on extensive corre- 
spondence with manufacturers, consulting and operating engineers and 
other interested parties, and as a result, presented its report at the 23d 
Annual Convention, held at Milwaukee, May 28-30, 1906. After con- 
siderable discussion the report was accepted and referred back to the 
Committee for amendment and rearrangement in form. It was then 
to be submitted to the Board of Directors for final adoption. In Septem- 
ber, 1906, the following Standardization Committee was appointed: * 


FrANcIsS B. CROCKER, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


A. W. BERRESFORD CHARLES F. Scott 
DuGALp C. JACKSON CHARLES P.: STEINMETZ 
C. O. MatLtLtoux HENRY G. Stott 
ROBERT B. Owens S. W. STRATTON 


ELIdU THOMSON 


This Committee held monthly meetings, also sub-committee meetings, 
and carefully referred the rules as a whole, and each part of them, to 
the members of the Institute. The rules were also entirely rearranged 
as to form, and put in shape to facilitate ready reference to them and 
enable future revisions to be made without breaking up the logical ar- 
rangement. Thus amended the rules were submitted to the Board of 
Directors and approved by it on June 21,1907. The Board also directed 
that the rules should be presented, as accepted by the Board, at the 
Annual Convention held at Niagara Falls, June 24 to 27, 1907, which ac- 
tion was taken by President Sheldon on June 26, 1907. By the Con- 
stitution which went into effect on June 10, 1907, this Committee has been 
made a standing Committee with the title ‘‘ Standards Committee,” con- 
sisting of nine members. 

On August 12, 1910, the Board of Directors increased the size of the 
committee from nine to twelve members; on October 14 from twelve to 
fourteen, and on March 10, 1911, from fourteen to sixteen. The com- 
mittee thus constituted is given below. 


Comrort A. Apams, Chairman. 
ARTHUR E. KENNELLY, Secretary. 


H. W. BucKx W. S. Moopy 

Gano DuNN 5 R. A. Puinip 

H. W. FIsHEeR W. H. PoweEiyi 

H. B. GEar CHARLES ROBBINS 

J. P. Jackson E. B. Rosa 

W. L. MERRILL CHARLES P. STEINMETZ 
RALPH D. MERSHON CALVERT TOWNLEY 


This committee and several sub-committees held numerous meetings 
at which the general revision of the Standardization Rules of the Institute 
was considered. The complete Standardization Rules, as revised by this 
committee, were presented to and approved by the Board of Directors on 
June 27, 1911, at the Annual Convention held at Chicago, Ill. 

During the following two years (1911-1913) the Standards Committee, 
somewhat modified and enlarged, undertook a radical revision of the 
Rules, particularly in connection with the important subject of Rating. 
In August 1913 the Committee was still further enlarged by the Board 
of Directors in order to permit of comprehensive sub-committees for the 


various parts of the work. The Committee thus constituted is given as 
follows: 


a 


STANDARDIZATION RULES OF THE A.1. E. E. 1789 


A. E. KENNELLY, Chairman. 

Comrort A. ADAMS, Secretary. 
SUB-COMMITTEE No. 1. ON RATING. 

H. M. Hospart, Chairman. 


JAMEs BURKE W. H. PoweLi 

W.C. L. EGLIN CHARLES ROBBINS 

B. G. LAMME Care SCore 

W. A. LAYMAN JAmMEs M. SMITH 

W. L. MERRILL CHARLES P. STEINMETZ 
W.S. Moopy J. FRANKLIN STEVENS 


PHILIP TORCHIO 
SUB-COMMITTEE No. 2. ON TELEGRAPH AND TELEPHONE 


STANDARDS. 
F. B. JEWeEtTtT, Chairman. 
H. W. FISHER R. H. MArRRIoTtT 
F. F. FowLE J. H. Morecrort 
J. M. SmitH 


SUB-COMMITTEE No. 3. ON RAILWAY STANDARDS. 
W.A. DEL Mar, Chairman. 


F. W. CARTER* WILLIAM MCCLELLAN 
Hucs HAzELTon* HAROLD PENDER 

a Re Aan* MARTIN SCHREIBER* 
H. M. HoBART N. W. STORER* 


SUB-COMMITTEE No. 4.ON NOMENCLATURE AND SYMBOLS 
Comrort A. ADAMS, Chairman. 


Louis BELL H. PENDER 
DuGALD C. JACKSON E. B. Rosa 
M. G. LLoyp A. S. McALLISTER 


R. H. MARRIOTT 


SUB-COMMITTEE, No. 5. ON WIRES AND CABLES. 
H. W. FIisHER, Chairman. 


WALLACE CLARK E. B. Rosa 
W. A. DEL MAR C. E. SKINNER 
W.C. L. EGLIN S. W. STRATTON ; 


SUB-COMMITTEE NO. 6. ON RATING AND TESTING OF CON- 
TROL APPARATUS. 
L. T. Rosinson, Chairman. 
Morton ARENDT C. H. SHARP 
R. A. CARLE P. H. THOMAS 
Puitie TORCHIO 


2 ie = Se S 

Sub-committee No.1 had representation from the National Electric Light Association 
(Messrs. L. L. Elden, G. L. Knight, J. E. Kearns, and E. P. Dillon), from the Association of 
Edison Illuminating Companies ( Mr. P. Torchio) and from the Electric Power Club (Messrs. 
James Burke and J. M. Smith). , f : 

Sub-committee No.3, through Messrs. Schreiber and Del Mar, respectively, worked in 
collaboration with the Committees of the American Electric Railway Engineering Asso- 
ciation, and the Association of Railway Electrical Engineers. : 

*Sub-committee No.3 was a joint subcommittee of the Standards Committee and of the 
Railway Committee. The members opposite whose names occurs an asterisk, represented 
the latter committee. ; : 

The following members, although not appointed on the Standards Committee, have ma- 
terially contributed to its work and have attended its meetings: 

Carl J. Fechheimer, E. D. Priest, R. B. Williamson, K. A. Pauly, L. F. Blume, C. Renshaw, 


G. H. Hill, C. J. Hixson. 
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The radical revision begun in 1911 was completed by this Committee 
and approved by the Board of Directors at a special meeting held on 
July 10, 1914, subject to editorial revision by the Committee, and to go 
into force on Dec. 1, 1914. 

The Committee of 1914-1915 which carried out the editorial revision, 
found it impossible to complete the work satisfactorily by Dec. Ist. 
The edition of July 1st, 1915, approved by the Board of Directors at its 
meeting of June 30, 1915, thus represents substantially the completion 
and clarification of the previous radical revision, although it includes 
a number of important additions. This Committee was constituted as 
follows: 


A. E. KENNELLY, Chairman, Harvard University Cambridge, Mass. 
C. A. ADAMS, Secretary, Harvard University, Cambridge, Mass. 


JAMES BURKE, Erie, Pa. W. H. POWELL, Milwaukee, Wis. 
W. A. DEL MAR, New York, CHARLES ROBBINS, East Pittsburgh, Pa. 
H. W. FISHER, Perth Amboy, N. J. L. T. ROBINSON, Schenectady, N. Y. 
G. L. KNIGHT, Brooklyn, N. Y. E. B. ROSA, Washington, D. C. 
H. M. HOBART, Schenectady, N. Y. C. E. SKINNER, East Pittsburgh, Pa. 
P. B. JEWETT, New York. J. M. SMITH, New York. 
P. JUNKERSFELD, Chicago, II. H. G. STOTT, New York. 
W. L. MERRILL, Schenectady, N. Y. P. H. THOMAS, New York. 
NOTE. 


The Standards Committee takes this occasion to draw the attention 
of the membership to the value of suggestions based upon experience gained 
in the application of the Rules to general practise. 

Any suggestions looking toward improvement in the Rules should be 
communicated to the Secretary of the Institute, for the guidance of the 
Standards Committee in the preparation of future editions. 
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PREFACE 


In framing these rules, the chief purpose has been to 
define the terms and conditions which characterize the rating 
and behavior of electrical apparatus, with special reference to 
the conditions of acceptance tests. 


It has not been the purpose of the rules to standardize the 


dimensions or details of construction of any apparatus, lest the 
progress of design and production should be hampered. 
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DEFINITIONS 


Note. The following definitions are intended to be practically. 


descriptive, rather than scientifically rigid. . 
“ / 


CURRENT, E.M.F. and POWER. 


10 


ill 


12 


(The definitions of currents given below apply also, in‘ most cases, 

to electromotive force, potential difference, magnetic flux, etc.) 
Direct Current. A unidirectional current. As ordinarily used, 
the term designates a practically non-pulsating current. 

Pulsating Current. A current which pulsates regularly in 
magnitude. As ordinarily employed, the term refers to unidirec- 
tional current. 

Continuous Current. A practically non-pulsating direct current. 

Alternating Current. A current which alternates regularly 
in direction. Unless distinctly otherwise specified, the term 
‘‘ alternating current’ refers to a periodic current with successive 
half waves of the same shape and area. 

Oscillating Current. A periodic current whose frequency is 
determined by the constants of the circuit or circuits. 

Cycle. One complete set of positive and negative values of an 
alternating current. 

Electrical Degree. The 360th part of a cycle: 

Period. The time required for the current to pass through one 
cycle. 

Frequency. The number of cycles or periods per second. The 
product of 27 by the frequency is calied the angular velocity of the 
current. 

Root-Mean-Square or Effective Value. The square root of 
the mean of the squares of the instantaneous values for one 
complete cycle. It is usually abbreviated r.m.s. Unless otherwise 
specified, the numerical value of an alternating current refers to 
its r.m.s. value. The r.m.s. value of a sinusoidal wave is equal to its 
maximum, or crest value, divided by /2. The word “virtual” 
is sometimes used in place of r.m.s., particularly in Great Britain. 

Wave-Form or Wave-Shape. The shape of the curve obtained 
when the instantaneous values of an alternating current are 
plotted against time in rectangular co-ordinates. The distance along 
the time axis corresponding to one complete cycle of values is taken 
as 27 radians, or 360 degrees. Two alternating quantities are said 
to have the same wave-form when their ordinates of corresponding 
phase (see § 13) bear a constant ratio to each other. The wave- 
shape, as thus understood, is therefore independent of the frequency 
of the current and of the scale to which the curve is represented. 

Simple Alternating or Sinusoidal Current. One whose wave- 
shape is sinusoidal. 

Alternating-current calculations are commonly based upon the as- 
sumption of sinusoidal currents and voltages. 
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Phase. The distance, usually in angular measure, of the base of 
any ordinate of an alternating wave from any chosen point on the 
time axis, is called the phase of this ordinate with respect to this point. 
In the case of a sinusoidal alternating quantity, the phase at any in- 
stant may be represented by the corresponding position of a line or 
vector revolving about a point with such an angular velocity (w =27f), 
that its projection at each instant upon a convenient reference line 
is proportional to the value of the quantity at that instant. 


Non-Sinusoidal Quantities. Quantities that cannot be rep- 
resented by vectors of constant length in a plane. The fol- 
lowing definitions of phase, active component, reactive component, 
etc., are not in general applicable thereto. Certain “‘ equivalent ”’ 
values, as defined below, may, however, be used in many instances, 
for the purpose of approximate representation and calculation. 

Crest-Factor or Peak-Factor. The ratio of the crest or 
maximum value to the r.m.s. value. The crest factor of a sine- 
wave is +/9_ 


Form Factor. The ratio of the T.m.s. to the algebraic mean 
ordinate taken over a half-cycle beginning with the zero value. If 
the wave passes through zero more than twice during a single cycle, 
that zero shall be taken which gives the largest algebraic mean for 
the succeeding half-cycle. The form factor of a sine-wave is 1.11. 


The Distortion Factor of a wave. The ratio of the r.ms. value 
of the first derivative of the wave with respect to time, to the r.m.s. 
value of the first derivative of the equivalent sine wave 


Equivalent Sine Wave. <A sine wave which has the same 
frequency and the samer.m.s. value as the actual wave. 


Phase Difference: Lead and Lag. When corresponding cyclic 
values of two sinusoidal alternating quantities of the same fre- 
quency occur at different instants, the two quantities are said to 
differ in phase by the angle between their nearest corresponding 
values; e.g., the phase angle between their nearest ascending zeros or 
between their nearest positive maxima. That quantity whose 
maximum value occurs first in time is said to lead the other, and 
the latter is said to lag behind the former. 


Counter-Clockwise Convention. It is recommended that 
in any vector diagram, the leading vector be drawn counter- 
clockwise with Tespect to the lagging vector, ft asin the 
accompanying diagram, where OI Tepresents the vector of 
a current in a simple alternating-current circuit, lagging 
behind the vector OE of impressed e.m.f. 0 


The Active or In-Phase Component of the current in a 
circuit is that component which is in phase with the voltage across 
the circuit; similarly the active component of the voltage across a 
circuit is that component which is in phase with the current. The 
use of the term energy component for this quantity is disapproved, 


*Note: Definitions 19, 20, 21, 22,23, 24,95 tefer strictly only to cases where the 
voltage and current are both sinusoidal (see §11 and 12). 

tSee Publication 12 of the Internationa] Electrotechnical Commission (Report of 
Turin Meeting, Sept. 1911, p. 78), 
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*22 Reactive or Quadrature Component of the current in a cir- 
cuit. That component which is in quadrature with the volt- 
age across the circuit; similarly, the reactive component of the 
voltage across the circuit is that component which is in quadrature 
with the current. The use of the term wattless component for this 
quantity is disapproved. 


*283 Reactive Factor. The sine of the angular phase difference 
between voltage and current; i. e.,the ratio of the reactive current or 
voltage to the total current or voltage. 


*24 Reactive Volt-Amperes. The product of the reactive component 
of the voltage by the total current, or of the reactive component 
of the current by the total voltage. 


*25 Non-Inductive Load and Inductive Load. A non-inductive load is a 
load in which the current is in phase with the voltage across the load. 
An inductive load is a load in which the current lags behind the 
voltage across the load. A condensive or anti-inductive load is one 
in which the current leads the voltage across the load. 


26 Power in an Alternating-Current Circuit. The average value 
of the products of the coincident instantaneous values of 
the current and voltage for a complete cycle, as indicated by 
a wattmeter. 

27 Volt-Amperes or Apparent Power. The product of the 
r.m.s. value of the voltage across a circuit by the r.m.s. value of the 
current in the circuit. This is ordinarily expressed in kv-a. 


28 Power Factor. The ratio of the power (cyclic average as 
defined in §26) to the volt-amperes. In the case of sinusoidal cur- 
rent and voltage, the power factor is equal to the cosine of their differ- 
ence in phase. , 

29 Equivalent Phase Difference. When the current and e.m.f. 
in a given circuit are non-sinusoidal, it is customary, for pur- 
poses of calculation, to take asthe ‘ equivalent ’’ phase difference, 
the angle whose cosine is the power factor (see §28) of the circuit. 

. There are cases, however, where this equivalent phase difference is 
misleading, since the presence of harmonics in the voltage wave, cur- 
rent wave, or in both, may reduce the power factor without producing 
a corresponding displacement of the two wave forms with respect to 
each other; e.g., the case of an a-c. arc. In such cases, the com- 
ponents of the equivalent sine waves, the equivalent reactive factor 
and the equivalent reactive volt-amperes may have no physical sig- 
nificance. 

30 Single-Phase. A term characterizing a circuit energized by a 
single alternating e.m-f. Such a circuit is usually supplied through 
two wires. The currents in these two wires, counted positively out- 
wards from the source, differ in phase by 180 degrees or a half-cycle. 


31 Three-Phase. A term characterizing the combination of three 
circuits energized by alternating e.m.f.’s. which differ in phase by 


one-third of a cycle; 1.¢., 120 degrees. 
*Note: Definitions 19, 20, 21, 22, 23, 24, 25 refer strictly only to cases where the 


voltage and current are both sinusoidal (see §11 and 12). 
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Quarter-Phase, also called Two-Phase. A term charac- 
terizing the combination of two circuits energized by alternating 
e.m.f’s. which differ in phase by a quarter of a cycle; t.e., 90 degrees. 


Six-Phase. A term characterizing the combination of six cir- 
cuits energized by alternating e.m.f’s. which differ in phase by one 
sixth of a cycle; 1.e., 60 degrees. 


Polyphase. A general term applied to any system of more 
than a single phase. This term is ordinarily applied to symmetrical 
systems. 

Cent Drop. 

In electrical machinery, the ratio of the internal resistance drop to 
the terminal voltage, expressed in per cent, is called the “ per cent 
resistance drop.” 


Similarly the ratio of the internal reactance drop to the terminal 
voltage, expressed in per cent, is called the “ ber cent reactance drop.” 


Similarly the ratio of the internal impedance drop to the terminal 
voltage, expressed in per cent, is called the ‘' per cent ampedance drop.”’ 

Unless otherwise specified, these per cent drops shall be referred to 
rated load and rated power factor. 

In the case of transformers, the per cent drop will be the sum of 
the primary drop (reduced to secondary turns) and the secondary 
drop, in per cent of secondary terminal voltage. 

In the case of induction motors, it is advantageous to express the 
drops in per cent of the internally induced e.m.f. 

The Load Factor of a machine, plant or system. The ratio 
of the average power to the maximum power during a certain period 
of time. The average power is taken over a certain period of time, 
such as a day, a month, or a year, and the maximum is taken as the 
average over a short interval of the maximum load within that period. 

In each case, the interval of maximum load and the period over 
which the average is taken should be definitely specified, such 
as a “half-hour monthly”’ load-factor. The Proper interval and 
period are usually dependent upon local conditions and upon the 
Purpose for which the load factor is to be used. 


Plant Factor. The ratio of the average load to the rated capacity 
of the power plant, t.€., to the aggregate ratings of the generators. 


The Demand of an installation or system. The load which 
1t puts on the source of supply, as measured at the receiving 
terminals. The demand may be as specified, contracted for, or used. 


It may be expressed either in kilowatts, kilovolt-amperes, amperes or 
other suitable units, 


The Maximum Demand of an installation or system. 
demand, as measured not instantaneously but averaged 
able and specified interval,such asa “‘fiy 


Its greatest 
Over a suit- 
e-minute maximum demand."’ 

Demand Factor. The ratio of the maximum demand of 
any system or part of a system, to the total connected load of the 
system, or of the part of system, under consideration. 
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Diversity Factor. The ratio of the sum of the maximum 
power demands of the subdivisions of any system or parts of asystem 
to the maximum demand of the whole system or of the part of the sys- 
tem under consideration, measured at the point of supply. 

Connected Load. The combined continuous rating of all the re- 
ceiving apparatus on consumers’ premises, connected to the system 
or part of the system under consideration. 

The Saturation Factor of a machine. The ratio of a small 
percentage increase in field excitation to the corresponding 
percentage increase in voltage thereby produced. Unless other- 
wise specified, the saturation factor of a machine refers to the 
no-load excitation required at normal rated speed and voltage. It is 
determined from measurements of saturation made on open circuit at 
rated speed. 


The Percentage Saturation of a machine at any excitation 
may be found from its saturation curve of generated voltage 
as ordinates, against excitation as abscissas, by drawing a tangent to 
the curve at the ordinate corresponding to the assigned excitation, 
and extending the tangent to intercept the axis of ordinates drawn 
through the origin. The ratio of the intercept on this axis to the ordi- 
nate at the assigned excitation, when expressed in percentage, is the 
percentage of saturation and is independent of the scales selected for 
excitation and voltage. This ratio, as a fraction, is equal to the 
reciprocal of the saturation-factor at the same excitation, deducted 
from unity; or, if f be the saturation factor and p the percentage of 


saturation, 1 
p = 100 (.-+) 
us 


Magnetic Degree. The 360th part of the angle subtended, at the 
axis of a machine, by a pair of its field poles. One mechanical 
degree is thus equal to as many magnetic degrees as there are pairs 
of poles in the machine. 

The Variation in Prime Movers which do not give an ab- 
solutely uniform rate of rotation or speed, as in reciprocating steam 
engines, is the maximum angular displacement in position of the re- 
volving member expressed in degrees, from the position it would 
occupy with uniform rotation, and with one revolution taken as 360 
degrees. 

The Variation in Alternators or alternating-current circuits 
in general, is the maximum angular displacement, expressed in 
electrical degrees, (one cycle= 360 deg.) of corresponding ordinates 
of the voltage wave and of a wave of absolutely constant frequency 
equal to the average frequency of the alternator or circuit in ques- 
tion, and may be due to the variation of the prime mover. 

Relations of Variations in Prime Mover and Alternator. If p is the 
number of pairs of poles, the variation of an alternator is p times the 
variation of its prime mover, if direct-connected, and pn times the 
variation of the prime mover if rigidly connected thereto in sucha 
manner that the angular speed of the alternator is times that of the 
prime mover. 
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The Pulsation in Prime Movers, or in the alternator con- 
nected thereto, The ratio of the difference between the maximum 
and minimum velocities in an engine-cycle to the average velocity. 


Capacity. The two different senses in which this wordis used 
sometimes lead to ambiguity. It is therefore recommended that 
whenever such ambiguity is likely to arise, the descriptive term power 
capacity or current capacity be used, when referring to the power or 
current which a device can safely carry, and that the term “ Capactt- 
ance ’’ be used when referring to the electrostatic capacity of a device. 


Resistor. A device, heretofore commonly known as a resistance, 


used for the operation, protection, or control of a circuit or circuits. 
See § 740. 


Reactor. A coil, winding or conductor, heretofore commonly 
known as a reactance coil or choke coil, possessing inductance, 
the reactance of which is used for the operation, protection or con- 
trol of a circuit or circuits. See also § 214 and 736. 


Efficiency. The efficiency of an electrical machine or apparatus 
is the ratio of its useful output to its total input. 


TABLE I. 
Symbols and Abbreviations. 
Symbol for Abbreviation 
Name of Quantity. the Quantity. Unit. for the Unit. 


Electromotive force, abbre- 


viated, erm: fs, eerie ae volt 
Potential difference, abbre- : 
Via ted’ ip7d) pireet ape te, V, vor E,e = 
Voltage: mantee Levee ae E,eor V,v sad 
Gurrentiometiatn oer tadaas I,4 ampere 
Quantity of electricity... .. Q,¢ { coulomb, 
ampere-hour 
Power. f.. t.) eeee Pip watt 
Electrostatic flux.......... Vv 
Electrostatic flux density. . D 
Electrostatic field intensity F 
Magnetic luxyss. 04 0,9 maxwell* 
Magnetic flux density..... B,B gauss* BAS 
Magnetic field intensity.... H, 3C eas aa oa 
or gausst 
Magnetomotive force, ab- : 
breviated m.m.f......... 5 epee 
Intensity of magnetization. Jf 
Susceptibiliwaenn .nanaeeee KkK=J/H 
Permeability. mqpen.. 0.08 U=B/H 


* An additional unit form m.f. is the “ampere-turn”, for flux the ‘ line’ 
netic flux-density ‘‘ maxwells Persqy ine 

The gauss is provisionally accepted for the Present as the name of both the unit of 
field intensity and flux density, on the assumption that permeability is a simple numeric. 


’, for mag- 
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IVESISCANCE te woe ee se ee eee 
ReactanC@ncnccdss cea so s 
km pPedanCewcreriatse) sess « 
Conductance waevansscse shores 
SUSCE PLAICE aaiiberier ass 
AidmittanCeasanias <<< )2 3c 
RVESIGULVIDY some te sy ah ss 


ConGuctivibyecc. me 2 5 = x01 


Dielectric constant........ 
PROM CATT CC sa) e tn J's ete cues 


eee 


Capacitance (Electrostatic 
PADAEILY )o chab tec, «:niaciciees 


Inductance (or coefficient 
of self induction)........ 
Mutual Inductance (or co- } 
efficient of mutualinduction) | 


Phase displacement... ... 


ETequUenCyr 5-Feineiset peueiens 7 


Angular velocity.......... 


Velocity of rotation....... 
Number of conductors or 

(Robo nud. Oma cn. coI OG os 
hemperabure wa semi 


Energy, in general........ 
Mechanical work.......... 


Acceleration due to gravity 


Standardacceleration dueto 
gravity (at about 45 deg. 
latitudeand sea level) equals 
NM Gotu hao eo 


1799 
TR fe ohm 
3G 63 ae ; 
fis WB a 
g mho 
b ac 
ee} ‘s RN 

p { * ohm-centi- ohm-cm. 

meter 

cy { *mho per cen- mho per 
timeter cm. 

€ ork aioe Lepilate 

C farad 

fo henry 

M henry 

8,9 { degree or 2 
radian 

if cycle per second ~ 

radian per meses 
oe second 

# revolution — rev. per 

per second sec. 

N convolution 

or turns of wire 
Tate degree centi- ¢ 
grade 
Uor W_ joule, watt-hour 
WorA joule, watt-hour 

q per cent 

1 centimeter cm. 

m gram g. 

t second sec. 
centimeter cm. 

g per second per sec. 
per second per sec. 
centimeter cm .per 

Zo per second Secs 
per second per sec. | 


*Note. 


The numerical values of these quantities are ohms resistance and mhos con- 


ductance between two opposite faces of acm. cube of the material in question, but the 


correct names are as given, not ohms and 


mhos per cm. cube, as commonly stated. 


+This has been the accepted standard value for many years and was formerly con- 


sidered to correspond accurately to 45° Latitude and sea level. 


Later researches, 


however, have shown that the most reliable value for 45° and sea-level is slightly 
different; but this does not affect the standard value given above. 
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Em, Im and Pm should be used for maximum cyclic values, e, 4 and 
p for instantaneous values, E and J for r.m.s. values (see §10) and 
P for the average value of the power, or the active power. These 
distinctions are not necessary in dealing with continuous-current 
circuits. In print, vector quantities should be represented by bold- 
face capitals. 


CLASSIFICATION OF MACHINERY. 


The machinery under consideration in these rules may be classified 
in various ways, these various classifications overlapping or inter- 
locking in considerable degree. Briefly, they are Direct-Current 
or Alternating-Current, Rotating or Stationary. Under Rotating 
Apparatus there are two principal classifications: First, according 
to the function of the machines; Motors, Generators, Boosters, 
Motor-Generators, Dynamotors, Double-Current Generators, Con- 
verters and Phase Modifiers; Second, according to the type of 
construction or principle of operation; Commutating, Synchronous, 
Induction, Unipolar, Rectifying. Obviously, some of these machines 
could be rationally included in either classification, e.g., Motor-Gener- 
ators and Rectifying Machines. ei 

In the following, self-evident definitions have for the most part, 
been omitted. 


ROTATING MACHINES. 
FUNCTIONAL CLASSIFICATION OF ROTATING MACHINES. 
Generator. A machine which transforms mechanical power into 
electrical power. 


Motor. A machine which transforms electrical power into 
mechanical power. 


Booster. A generator inserted in series in a circuit to change 
its voltage. It may be driven by an electric motor (in which case 
it is termed a motor-booster) or otherwise. 

Motor-Generator Set. A transforming device consisting of a 
motor mechanically coupled to one or more generators. 


Dynamotor. <A transforming device combining both motor 
and generator action in one magnetic field, either with two armatures, 


or with one armature having two Separate windings and independent 
commutators. : 


A Direct-Current Compensator or Balancer comprises two or 
more similar direct-current machines (usually with shunt or 
compound excitation) directly coupled to each other and connected in 
series across the outer conductors of a multiple-wire system of dis- 
tribution, for the purpose of maintaining the potentials of the in- 
termediate wires of the system, which are connected to the junction 
points between the machines. 


A Double-Current Generator supplies both direct and alternating 
currents from the same armature-winding. 


A Converter is a machine employing mechanical rotation in 


changing electrical energy from one form into another. There 
are several types of converters as follow: 
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109 A Direct-Current Converter converts from a direct 
current to a direct current, usually with a change of volt- 
age. Such a machine may be either a motor-generator set or a 
dynamotor. 

110 A Synchronous Converter (sometimes called a Rotary Con- 
verter) converts from an alternating to a direct current, 
or vice-versa. It is a synchronous machine with a single 
closed-coil armature winding, a commutator and slip rings. 

iain A Cascade Converter, also called a Motor Converter, 
is a combination of an induction motor with a synchron- 
ous converter, the secondary circuit of the former feeding 
directly into the armature of the latter; 7.e., it is-a synchronous 
converter concatenated with an induction motor. 


112 A Frequency Converter converts the power of an alter- 
nating-current system from one frequency to another, with 
or without a change in the number of phases, or in the voltage. 


113 A Rotary Phase-Converter converts from an_alter- 
nating-current system of one or more phases to an alter- 
nating-current system of a different number of phases, but 
of the same frequency. 

114 A Phase-Modifier, also called a Phase-Advancer, is a machine which 
supplies reactive volt-amperes; e.g. to an induction motor, or to the 
system to which it is connected. Phase modifiers may be either 
synchronous or asynchronous. 

116 A Synchronous Phase-Modifier, sometimes called a Syn- 
chronous Condenser, is a synchronous motor, running 
either idle or with load, the field excitation of which may be 
varied so as to modify the power-factor of the system, 
or through such modification to influence the load voltage. 
The function of a Synchronous Phase-Modifier is to supply 
reactive volt-amperes to the system with which it is connected. 


CONSTRUCTIONAL CLASSIFICATION OF ROTATING MACHINES 


Commutating Machines 

130 Direct-Current Commutating Machines comprise a mag- 
netic field of constant polarity, an armature, and a com- 
mutator connected therewith. These include: Direct-Current 
Generators; Direct-Current Motors; Direct-Current Boosters; 
Direct-Current Motor-Generator Sets and Dynamotors; Dt- 
rect-Current Compensators or Balancers; and Arc Machines. 


131 Alternating-Current Commutating Machines* comprise a 
magnetic field of alternating polarity, an armature, and com- 
mutator connected therewith. 


*Definitions of a-c. commutator-motors have not yet been agreed upon. The differ- 
ences of opinion are fundamental and relate to the whole system to be employed 
in naming the numerous types. One example of this difference is in connection with 
the definition of the term “ Repulsion- Motor’, some desiring to extend its use to cover 
all a.c. commutator motors with short-circuited brushes, and others to substitute 
more systematic names for the various species of short-circuited brush motors, 


1802. STANDARDIZATION RULES OF THE A.I. E. E. 


132 Synchronous Commutating Machines include synchronous 
converters, cascade-converters, and double-current generators. 


183. Synchronous Machines Comprise a constant magnetic field 
and an armature receiving or delivering alternating-currents in 
synchronism with the motion of the machine; t.e., having a frequency 
strictly proportional to the speed of the machine. They may be 
sub-divided as follow: 


134 An Alternator is a synchronous alternating-current genera- 
tor, either single-phase or polyphase. 

135 A Polyphase Alternator is a polyphase synchronous alterna- 
ting-current generator, as distinguished from a singlephase 
alternator. 

136 An Inductor Alternator is an Alternator in which 


both field and armature windings are stationary, and in 
which masses of iron or inductors, by moving past the coils, 
alter the magnetic flux through them. It may be either 
singlephase or polyphase. 

137 A Synchronous Motor is a machine structurally identical 
with an alternator, but operated as a motor. 


138 Induction Machines include apparatus wherein primary and 
secondary windings rotate with respect to each other; i.e, in- 
duction motors, induction generators, certain types of frequency 
converters and certain types of rotary phase-converters, 

139 An Induction Motor is an alternating-current motor, either 
singlephase or polyphase, comprising independent primary and 
secondary windings, one of which, usually the secondary, is 
on the rotating member. The secondary winding receives 
power from the primary by electromagnetic induction. 

140 An Induction Generator is a machine structurally identical 
with an induction motor, but driven above synchronous speed 
as an alternating-current generator. 

141. Unipolar or Acyclic Machines are direct-current machines, in 

which the voltage generated in the active conductors maintains 
the same direction with respect to those conductors. 


SPEED CLASSIFICATION OF MOTORS. 


150 =Motors may, for convenience, be classified with reference to their 
speed characteristics as follow: 


151 Constant-Speed Motors, whose speed is either constant 
or does not materially vary; such as synchronous motors, in- 
duction motors with small slip, and ordinary direct-current 
shunt motors. 


152 Multispeed Motors two-speed, three-speed, etc.), which 
can be operated at any one of several distinct speeds, these 
speeds being practically independent of the load; such as 


motors with two armature windings, or induction motors in 
which the number of poles is changed by external means. 
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Adjustable-Speed Motors, in which the speed can be varied 
gradually over a considerable range, but when once adjusted 
remains practically unaffected by the load, such as shunt 
motors designed for a considerable range of speed variation. 

Varying-Speed Motors, or motors in which the speed 
varies with the load, ordinarily decreasing when the load 
increases; such as series motors, compound-wound motors, 

and series-shunt motors. As a sub-class of varying-speed 
motors, may be cited, adjustable varying-speed motors, or 
motors in which the speed can be varied over a considerable 
range at any given load, but when once adjusted, varies with 
the load; such as compound-wound motors arranged for 
adjustment of speed by varying the strength of the shunt field. 


CLASSIFICATION OF ROTATING MACHINES RELATIVE 

TO THE DEGREE OF ENCLOSURE OR PROTECTION 

The following types are recognized: 

Open 

Protected 

Semi-enclosed 

Enclosed 

Separately ventilated 

Water-cooled 

Self-ventilated 

Drip-proof 

Moisture-resisting 

Submersible 

Explosion-proof 

Explosion-proof slip-ring enclosure 

An. “open” machine is of either the pedestal-bearing or end- 
bracket type where there is no restriction to ventilation, other 
than that necessitated by good mechanical construction. 

A “protected” machine is one in which the armature, field 
coils, and other live parts are protected mechanically from acci- 
dental or careless contact, while free ventilation is not materially 
obstructed. 

A “semi-enclosed’” machine is one in which the ventilating 
openings in the frame are protected with wire screen, expanded metal, 
or other suitable perforated covers, having apertures not exceeding 
} of a square inch (3.2 sq. cm.) in area. 

An “enclosed”? machine is so completely enclosed by in- 
tegral or auxiliary covers as to prevent a circulation of air between 
the inside and outside of its case, but not sufficiently to be 
termed air-tight. 

A “separately ventilated” machine has its ventilating air sup- 
plied by an independent fan or blower external to the machine. 

A “ water-cooled” machine is one which mainly depends on water 
circulation for the removal of its heat. 
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A “ self-ventilated ” machine differs from a separately ventilated 
machine only in having its ventilating air circulated by a fan, 
blower, or centrifugal device integral with the machine. 

If the heated air expelled from the machine is conveyed away 
through a pipe attached to the machine, this should be so stated. 


A “drip-proof ”” machine is one so protected as to exclude 
falling moisture or dirt. A “drip proof” machine may be either 
“open” or “‘semi-enclosed”, if it is provided with suitable protection 
integral with the machine, or so enclosed as to exclude effectively 
falling solid or liquid material. 

A moisture-resisting machine is one in which all parts are 
treated with moisture-resisting material. Such a machine shall 
be capable of operating continuously or intermittently in a very 
humid atmosphere, such as in mines, evaporating rooms, etc. 

A “submersible ” machine is a machine capable of withstanding 
complete submersion, in fresh water or sea water, as may be speci- 
fied, for four hours without injury. : 

An “explosion-proof”? machine is a machine in which the en- 
closing case can withstand, without injury, any explosion of gas that 
may occur within it, and will not. transmit the flame to any 
inflammable gas outside it. 


An induction motor in which the slip rings and brushes 
alone are included within an explosion-proof case should not be des- 
cribed as an explosion-proof machine, but as a machine ‘‘with 
explosion-proof slip-ring enclosure.”’ 


STATIONARY INDUCTION APPARATUS 


Stationary Induction Apparatus changes electric energy to electric 
energy, through the medium of magnetic energy, without mechanical 
motion. It comprises several forms, distinguished as follow: 

Transformers, in which the primary and secondary windings are 
ordinarily insulated one from another. 


The terms “high-voltage” and “low-voltage” are used to dis- 
tinguish the winding having the greater from that having the 
lesser number of turns. The terms “ primary”? and * sec- 
ondary ”’ serve to.distinguish the windings in regard to energy 
flow, the primary being that which receives the energy from the 
supply circuit, and the secondary that which receives the en- 
ergy by induction from the primary. 

The rated current of a constant-potential transformer is 
that secondary current which, multiplied by the rated-load 
secondary voltage, gives the kv-a. rated output. That is, 
a transformer of given ky-a. rating must be capable of de- 
livering the rated output at rated secondary voltage, while 
the primary impressed voltage is increased to whatever value 
is necessary to give rated secondary voltage. 

The Rated Primary Voltage of a constant-potential trans- 


former is the rated secondary voltage multiplied by the turn 
ratio. 
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The ratio of a transformer, unless otherwise specified, shall 
be the ratio of the number of turns in the high-voltage wind- 
ing to that in the low-voltage winding; i.e., the “‘ turn-ratio.” 

The voltage ratio of a transformer is the ratio of the r.m.s. 
primary terminal voltage to the r.m.s. secondary terminal 
voltage, under specified conditions of load. 

The “ current ratio ”’ of a current-transformer is the ratio of 
r.m.s. primary current to r.m.s. secondary current, under speci- 
fied conditions of load. 

The “ marked ratio’? of an instrument transformer is the 
ratio which the apparatus is designed to give under aver- 
age conditions of use. When a precise ratio is required, it 
is necessary to specify the voltage, frequency, load and power 
factor of the load. 

Volt-Ampere Ratio.of Transformers. 

The volt-ampere ratio, which should not be confused with 
real efficiency, is the ratio of the volt-ampere output to the 
volt-ampere input of a transformer, at any given power factor. 

Auto-transformers have a part of their turns common to both pri- 
mary and secondary circuits. 
Voltage Regulators have turns in shunt and turns in series with the 
circuit, so arranged that the voltage ratio of the transformation 
or the phase relation between the circuit-voltages is variable at will. 
They are of the following three classes: 
Contact Voltage Regulators, in which the number of turns 
in one or both of the coils is adjustable. 
Induction Voltage Regulators,in which the relative positions 
of the primary and secondary coils are adjustable. 
Magneto Voltage Regulators, in which the direction of the 
‘magnetic flux with respect to the coils is adjustable. 
Reactors, heretofore commonly called Reactance-Coils, also called 
Choke Coils; a form of stationary induction apparatus used to supply 
reactance or to produce phase displacement. See also §82 and 736. 


INSTRUMENTS 


An Ammeter is an instrument for measuring current, indicating 
in amperes. 

A Voltmeter is an instrument for measuring difference of potential, 
indicating in volts. . 

A Crest Voltage Meter is a voltmeter designed to indicate either 
the crest; i.e., the maximum value, of an alternating voltage, or the 
rms. value of the sinusoidal voltage having the same crest value. 

A Wattmeter is an instrument for measuring electrical power, in- 
dicating in watts. 

Recording Ammeters, Voltmeters, Wattmeters, etc., are instru- 
ments which record graphically upon a time-chart the values of the 
quantities they measure. 
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230 A Watt-hour Meter is an instrument for registering watt-hours. 
This term is to be preferred to the term “ integrating wattmeter.’’ 

231 A Line-Drop Voltmeter Compensator is a device used in connection 
with a voltmeter, which causes the latter to indicate the voltage 
at some distant point of the circuit. 

232 A Synchroscope, sometimes called a Synchronism Indicator, 
is a device which, in addition to indicating synchronism, shows 
whether the incoming machine is fast or slow. 
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STANDARDS FOR ELECTRICAL MACHINERY 
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‘ ’ ’ 


The expressions ‘‘ machinery’ and ‘‘ machines’”’ are here employed 
in a general sense, in order to obviate the constant repetition of the words 
‘ machinery or induction apparatus.” 


’ 


All temperatures are to be understood as centigrade. 


The expression ‘‘ capacity’ is to be understood as indicating ‘' capa- 
bility ", except where specifically qualified, as, for instance, in the case 
of allusions to electrostatic capacity, 1. e., capacitance. 

Wherever special rules are given for any particular type of machinery 
or apparatus (such as switches, railway motors, railway substation 
machinery, etc., these special rules shall be followed, notwithstanding 
any apparent conflict with the provisions of the more general sections. 
In the absence of special rules on any particular point, the general 
rules on this point shall be followed. 


Objects of Standardization. To’ ensure satisfactory results, 
electrical machinery should be specified to conform to the Institute 
Standardization Rules, in order that it shall comply, in operation, 
with approved limitations in the following respects, so far as they 
are applicable. 

Operating temperature 
Mechanical strength 
Commutation 
Dielectric strength 
Insulation resistance 
Efficiency 

Power factor 

Wave shape 
Regulation 

Capacity or Available Output of an Electrical Machine. So far 
as relates to the purposes of these Standardization Rules, the 
Institute defines the Capacity of an Electrical Machine as the load 
which it is capable of carrying for a specified time (or continuously), 
without exceeding in any respect the limitations herein set forth. 

Except where otherwise specified, the capacity of an electrical 
machine shall be expressed in terms of its available output. For 
exceptions see §277 and 802. 

Rating of an Electrical Machine. Capacity should be distin- 
guished from Rating. The Rating of a machine is the output marked 
on the Rating Plate, and shall be based on, but shall not exceed, 
the maximum* load which can be taken from the machine under pre- 
scribed conditions of test. This is also called the rated output. 


*The term ‘‘ maximum load” does not refer to loads applied solely for mechanical, 
commutation. or similar tests. 
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The Principle upon which Machine Ratings are based, so far as 
relates to thermal characteristics, is that the rated load, applied 
continuously or for a stated period, shall produce a temperature 
rise which, superimposed upon a standard ambient temperature, 
will not exceed the maximum safe operating temperature of the 
insulation. 

A.I.E. E. and I. E. C. Ratings. When the prescribed conditions 
of test are those of the A. I. E. E. Standardization Rules, the rating 
of the machine is the Institute Rating. (See §620). When the 
prescribed conditions of the test are those of the I. E.C.f Rules, 
the rating of the machine is the I. E. C. rating. A machine so rated 
in either case may bear a distinctive sign upon its rating plate. 


Standard Temperature and Barometric Pressure for Institute Ra- 
ting. The Institute Rating of a machine shall be its capacity when 
operating with a cooling medium of the ambient temperature of 
reference (40° for air or 25° for water, see §305 and 309) and with 
barometric conditions within the range given in §308. See §320. 


The Temperatures Rises Specified in these Rules apply to all 
ambient temperatures up to and including 40°C. 


Any Machinery Destined for Use with Higher Ambient tempera- 
tures or cooling mediums, and also any machinery for operation 
at altitudes for which no provision is made in §308, should be 
the subject of special guarantee by the manufacturer. The methods 
of test and performance set forth in these Rules will, however, 
afford guidance in such cases. 


UNITS IN WHICH RATING SHALL BE EXPRESSED 


The rating of Direct-Current Generators, shall be expressed in 
kilowatts (kw.) available at the terminals. 

The rating of Alternators and Transformers, shall be expressed 
in kilovolt-amperes (kv-a.) available at the terminals, at a specified 


power factor. The corresponding kilowatts should also preferably 
be stated. 


It is strongly recommended that the rating of motors shall 
be expressed in kilowatts* (kw.) available at the shaft. (An ex- 


E. C. stands for “ International Electrotechnical Commission.” This rating has 


not yet been established. 


*Since the input of machinery of this class is measured in electrical units and since 
the output has a definite relation to the input, it is logical and desirable to measure 
the delivered power in the same units as are employed for the received power. There- 
fore, the output of motors should be expressed in kilowatts instead of in horse power. 
However, on account of the hitherto prevailing practice of expressing mechanical 
output in horse power, it is recommended that for machinery of this class the rating 
should, for the present, be expressed both in kilowatts and in horse power; as follows: 

kw.—— —approx. equiv. h.p. 

The horse power rating of a motor may for practical purposes, be taken as 4/3 of 
the kilowatt rating. 

In order to lay stress upon the preferred future basis, it is desirable that on Rating 
Plates, the Rating in kilowatts shall be shown in larger and more prominent charac- 
ters than the rating in horse power. 
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ception to this rule is made in the case of Railway motors, which, 
for some purposes, are also rated by their input, see §802.) 

Auxiliary machinery, such as regulators, resistors, reactors, 
balancer sets, stationary and synchronous condensers, etc., shall 
have their ratings appropriately expressed. It is essential to 
specify also the voltage (and frequency, if a-c.,), of the circuits on 
which the machinery may appropriately be used. 


KINDS OF RATING 


There are various kinds of rating such as: 

Continuous Rating. A machine rated for continuous service; 
shall be able to operate continuously at its rated output, without ex- 
ceeding any of the limitations referred to in §260. 

Short-Time Rating. A machine rated for short-time service; 
(i.e. service including runs alternating with stoppages of sufficient 
duration to ensure substantial cooling), shall be able to operate at its 
rated output during a limited period, to be specified in each case, 
without exceeding any of the limitations referred to in §260. Such 
a rating is a short-time rating. 

Nominal Ratings. For railway motors, and sometimes for railway- 
substation machinery, certain nominal ratings are employed. 
See 800 and §765. 

Duty-Cycle Operation. Many machines are operated on a cycle of 
duty which repeats itself with more or less regularity. For pur- 
poses of rating, either a continuous or a short-time equivalent 
load, may be selected, which shall simulate as nearly as possible 
the thermal conditions of the actual duty cycle. 

Standard durations of equivalent tests shall be for machines 
operating under specified duty-cyeles as follow: 

5 minutes 


Lorman tat 
S08 me 
Wo 
22 Oma 


and continuous. 

Of these the first five are short-time ratings, selected as being ther- 
mally equivalent to the specified duty cycle. 

When, for example, a short-time rating of 10 minutes duration 
is adopted, and the thermally equivalent load is 25 lew. for that 
period, then such a machine shall be stated to have a 10-minute 
rating of 25 kw. 

In every case the equivalent short-time test shall commence 
only when the windings and other parts of the machine are within 
5°C of the ambient temperature at the time of starting the test. 

In the absence of any specification as to the kind of rating, the 
continuous rating shall be understood.* 


*An exception is made in the case of motors for railway service, where in the ab- 
sence of of any specification as to the kind of rating, the ‘ nominal rating’’ as 
defined in §319 and 415 shall be understood. 
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288 Machines marked in accordance with §264 shall be understood to 
have a continuous rating, unless otherwise marked in accordance with 


§285. 


HEATING AND TEMPERATURE 


300 Temperature Limitations of the Capacity of Electrical Machinery. 
The capacity, so far as relates to temperature, is usually limited by 
the maximum temperature at which the materials inthe machine, espec- 
ially those employed for insulation, may be operated for long periods 
without deterioration. When the safe limits are exceeded, deteriora- 
tionisrapid. The insulating material becomes permanently damaged 
by excessive temperature, the damage increasing with the length 
of time that the excessive temperature is maintained, and with 
the amount of excess temperature, until finally the insulation breaks 
down. 


801 The result of operating at temperatures in excess of the safe limit 
is to shorten the life of the insulating material. This shortening 
of life is, in certain special cases, warranted, when necessary for 
obtaining some other desirable result, as, for example, in some in- 
stances of railway and other motors for propelling vehicles, 
in providing greater power within a limited space. See §804. Further 
instances may also be noted in the cases of contactors, controllers, 
induction-starters, arc-lamp-magnet windings, etc., designed and con- 
structed for operation at relatively high temperatures. 


302 There does not appear to be any advantage in operating at lower 
temperatures than the safe limits, so far as the life of the insulation 
is concerned. Insulation may break down from various causes, 
and when these breakdowns occur, it is not usually due to the 
temperature at which the insulation has been operated, provided 
the safe limits have not been exceeded. 


303 The Ambient Temperature is the temperature of the fluid 
or fluids which, coming into contact with the heated parts of 
a machine, carries off its heat convectively. 


304 The cooling fluid may either be led to the machine through ducts, 
or through pipes, or merely surround the machine freely. In the 
former case the ambient temperature is to be measured at the intake 
of the machine itself. In the latter case see §314, 


305 Ambient Temperature of Reference for Air. The standard 


ambient temperature of reference, when the cooling medium is air, 
shall be 40°C. : 


306 The permissible rises in temperature given in column 2 of 
table III in §376 have been calculated on the basis of the standard 
ambient temperature of reference, by subtracting 40° from the 


highest temperatures permissible, which are given in column 1 of 
the same table. 


307 A machine may be tested at any convenient ambient temper- 
ature, but whatever be the value of this ambient temperature, the 
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permissible rises of temperature must not exceed those given in 
column 2 of the table in §376. 


Altitude. Increased altitude has the effect of increasing the tem- 
perature rise of some types of machinery. In the absence of in- 
formation in regard to the height above sea level at which the machine 
is intended to work in ordinary service, this height is assumed not 
to exceed 1000 meters (8300 feet.) For machinery operating at an 
altitude of 1000 meters or less, a test at any altitude less than 1000 
meters is satisfactory, and no correction shall be applied to the ob- 
served temperatures. Machines intended for operation at higher 
altitudes shall be regarded as special. See §267. It is recommended 
that when a machine is intended for service at altitudes above 1000 
meters (3300 ft.) the permissible temperature rise at sea level, until 
more nearly accurate information is available, shall be reduced by 
1 per cent for each 100 meters (330 ft.) by which the altitude ex- 
ceeds 1000 meters. Water cooled oil transformers are exempt from 
this reduction. 

Ambient Temperature of Reference for Water-Cooled Machinery. 

For water-cooled machinery, the standard temperature of reference 
for incoming cooling water shall be 25° C, measured at the intake 
of the machine. 

In the testing of water-cooled transformers, it is not necessary to 
take into account the surrounding-air temperature, except where the 
cooling effect of the air is 15 per cent or more of the total cooling 
effect, referred to the standard ambient temperature of reference of 
25°C. for water and 40°C. forair. When the effect of the cooling air 
is 15 per cent. or more of the total, the temperature of the cooling 
water should be maintained within 5°C. of the surrounding air. 
Where this is impractical, the ambient temperature should be de- 
termined from the change in the resistance of the windings, using 
a disconnected transformer, supplied with the normal amount of 
cooling water, until the temperature of the windings has become 
constant. 

In the case of rotating machines, cooled by forced draught, 
a conventional weighted mean shall be employed, a weight of 
four being given to the temperature of the circulating air supplied 
through ducts (see §304), and a weight of one to the surrounding room 
air. In the case of air-cooled transformers, see ‘““exception’’ §321. 

Machines Cooled by Other Means. For machines cooled by other 
means, special rules are necessary. 

Outdoor Machinery Exposed to Sun’s Rays. 

Outdoor machinery not protected from the sun’s rays at times 
of heavy load, must receive special consideration. 

Measurement of the “Ambient Temperature During Tests of 
Machinery. 

‘The ambient temperature is to be measured by means of several 
thermometers placed at different points around and half-way up 
the machine, at a distance of 1 to 2 meters (3 to 6 feet), and protected 
from drafts, and abnormal heat radiation, preferably as in §316. 
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The value to be adopted for the ambient temperature during a test, 
is the mean of the readings of the thermometers (placed as above), 
taken at equal intervals of time during the last quarter of the duration 
of the test. 


Inorder to avoid errors due to the time lag between the temperature 
of large machines and the variations in the ambient air, all reasonable 
precautions must be taken to reduce these variations and the errors 
arising therefrom. Thus, the thermometer for determining the 
ambient temperature shall be immersed in a suitable liquid, such as 
oil, in a suitable heavy metal cup. This can be made to respond to 
various rates of change, by proportioning the amount of oil to the metal 
in the containing cup. A convenient form for such an oil-cup consists 
of a massive metalcylinder, with a hole drilled partly through it. 
This hole is filled with oil and the thermometer is placed therein with 
its bulb well immersed The larger the machine under test, the 
larger should be the metal cylinder employed as an oil-cup in the 
determination of the ambient temperature. The smallest size 
of oil cup employed in any case shall consist of a metal cylinder 
25 mm. in diameter and 50 mm. high (1 in. in diameter and 2in 
high). 


Thermometers used for taking temperatures of Machinery 
shall be covered by felt pads 3 mm. (4 inch) thick and 4 x 5 cm. 
wide (13 “x 2”), cemented on; oil putty may be used for stationary 
and small apparatus. 


In Transformer Testing, and sometimesin testing other machines, 
it may be desirable to avoid errors due to time lag in tempera- 
ture changes, by employing an idle unit of the same size and subjected 
to the same conditions of cooling as the unit under test, for obtaining 
the ambient temperature as described in §310. 


Where machines are partly below the floor line in pits, the tempera- 
ture of the rotor shall be referred to a weighted mean of the pit 
and room temperatures, the weight of each being based on the rela- 
tive proportions of the rotor in and above the pit. Parts of the stator 


constantly in the pit shall be referred to the ambient temperature in 
the pit. 


Correction for the Deviation of the Ambient Temperature of 
the Cooling Medium, at the Time of the Heat Test, from the Stand- 
ard Ambient Temperature of Reference. Numerous experiments 
have shown that deviation of the temperature of the cooling medium 
from that of the standard of reference, at the time of the heat run 
has a negligible effect upon the temperature rise of the apparatus; 
therefore, no correction shall be applied for this deviation. It is, 
however, desirable that tests should be conducted at ambient tem- 
peratures not lower than 20°C, 


, 


Exception—A Correction shall be applied to the observed tem- 
perature rise of the windings of Air-blast transformers, due to dif- 
ference in resistance, when the temperature of the ingoing cooling 
air differs from that of the standard of reference. This correction 
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shall be the ratio of the inferred absolute ambient temperature of 
reference to the inferred absolute temperature of the ingoing cool- 
ing air, 1. e. the ratio 274.5/(234.5 + £); where ¢ is the ingoing cooling- 
air temperature. 


Thus, a cooling-air room temperature of 30°C. would correspond to 
an inferred absolute temperature of 264.5° on the scale of copper re- 
sistivity, and the correction to 40°C. (274.5° inferred absolute tem- 
perature) would be 274.5 / 264.5 = 1.04, making the correction 
factor 1.04; so that an observed temperature rise of say 50°C, at the 
testing ambient temperature of 30°C. would be corrected to 50 X 
1.04 = 52°C. this being the temperature rise which would have oc- 
curred had the test been made with the standard ingoing cooling- 
air temperature of 40°C. 

Duration of Temperature Test of Machine for Continuous Ser- 
vice. The temperature test shall be continued until sufficient evi- 
dence is available to show that the maximum temperature and 
temperature rise would not exceed the requirements of the rules, 
if the test were prolonged until a steady final temperature was 
reached. 

Duration of Temperature Test of Machine with a Short-Time 
Rating. The duration of the temperature test of a machine with 
a short-time rating shall be the time required by the rating. 


~ (See §285 and 286). 
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Duration of Temperature Test for Machine having more than 
One Rating. The duration of the temperature test for a machine 
with more than one rating shall be the time required by that rating 
which produces the greatest temperature rise. In cases where this 
cannot be determined beforehand, the machine shall be tested 
separately under each rating. 

Temperature Measurements during Heat Run. Temperature 
measurements, when possible, shall be taken during operation, as 
well as when the machine is stopped. The highest figures thus 
obtained shall be adopted. In order to abridge the long heating 
period, in the case of large machines, reasonable overloads of cur- 
rent, during the preliminary period, are suggested for them. 


TEMPERATURE MEASUREMENTS 


The Actual Temperatures attained in the different parts of a 
machine, and not the rises in temperature, affect the life of the in- 
sulation of the machine. (See §300 to 302). 

The Temperatures in the Different Parts of a Machine which it 
would be desirable to ascertain, are the maximum temperatures 
reached in those parts. 

Whatever may be the Ambient Temperature when the machine 
is in service, the limits of the maximum observable temperature 
and of temperature rise specified in the rules should not be exceeded 
in service; for, if the maximum temperature be exceeded, the in- 
sulation may be endangered, and if the rise be exceeded, the excess 
load may lead to injury, by exceeding limits other than those of 
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temperature; such as commutation, stalling load and mechanical 
strength. 


As it is Usually Impossible to Determine the Maximum Temperature 
attained in insulated windings, it is convenient to apply a correction 
to the observable temperature, so as to approximate the difference be- 
tween the actual maximum temperature and the observable tempera- 
ture by the method used. This correction, or margin of security, is 
provided to cover the errors due to fallibility in the location of the 
measuring devices, as well as inherent inaccuracies in measurement 
and methods. 


In Determining the Temperature of Different Parts of a Machine 
three methods as provided. The appropriate method for any 
particular case is set forth below. 


Method No 1. Thermometer Method. 

This method consists in the determination of the temperature, 
by mercury or alcohol thermometers, by resistance thermometers, 
or by thermocouples, any of these instruments being applied to the 
hottest accessible part of the completed machine, as distinguished from 
the thermocouples or resistance coils embedded in the machine as 
described under Method No. 3. ’ 


When Method No. 1 is Used, the hottest-spot temperature for 
windings shall be estimated by adding a hottest-spot correction of 
15°C to the highest temperature observed, in order to allow for the 


practical impossibility of locating any of the thermometers at the hot- 
test spot. 


Exception. When the thermometers are applied directly to 
the surfaces of bare windings, such as an edgewise strip conductor, 
or a cast copper winding, a hottest-spot correction of 5°C., instead of 
15°C, shall be made. For commutators, collector rings, bare metallic 
surfaces not forming part of a winding, or for oil in which apparatus 
is immersed, no correction is to be applied. 


Method No. 2. Resistance Method. ‘ 

This method consists in the measurement of the temperature of 
windings by their increase in resistance, corrected* to the instant of 
shut-down when necessary. In the application of this method, care- 
ful thermometer measurements must also be made, whenever prac- 
ticable without disassembling the machinef, in order to increase the 


probability of revealing the highest observable temperature. Which- 


*Whenever a sufficient time has elapsed between the instant of shut-down and 
the time of the final temperature measurement to permit the temperature to 
fall, suitable corrections shall be applied, so as to obtain as nearly as practicable 
the temperature at the instant of shut-down. This can sometimes be approximately 
effected by plotting a curve, with temperature readings as ordinates and times 
as abscissas, and extrapolating back to the instant of shut-down. In other instan 
ces, acceptable correction factors can be applied. 


In cases where successive measurements show increasing temperatures afte: 
shut-down, the highest value shall be taken. 


TAs one of the few instances in which the thermometer check cannot be applied o 
Method No. 2, the rotor of a turbo-alternator may be cited. 
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ever measurement yields the higher temperature, that temperature 
shall be taken as the “ highest observable’’ temperature and a hot- 
test-spot correction of 10°C added thereto. 


The Temperature Coefficient of Copper shall be deduced from the 
formula 1/(234.5 + #). Thus, at an initial temperature ¢ =40°C., 
the temperature co-efficient of increase in resistance per degree 
centigrade rise, is 1/(274.5) = 0.00364. The following table, 
deduced from the formula, is given for convenience of reference. 


TABLE II. 
Temperature Coefficients of Copper Resistance. 
Temperature of the] Increase in resis- 
winding, in degrees C.| tance of copper 
at which the initial re-| per °C., per ohm 
sistance is measured. of initial resistance. 
0 0.00 427 
5 0.00 418 
10 0.00 409 
15 0.00 401 
20 0.00 393 
25 0.00 385 
30 0.00 378 
35 0.00 371 
40 0.00 364 


In Coils of Low Resistance, where the joints and connections 
form a considerable part of the total resistance, the measurement of 
temperature by the resistance method shall not be used. 


The Temperature of the Windings of Transformers is always to be 
ascertained by Method 2. In the case of air-blast transformers, it is 
especially important to place thermometers on the coils near the 


air outlet. 


Method No. 3. Embedded Temperature-Detector Method. 

This method consists in the use of thermo-couples or resis- 
tance temperature detectors, located as nearly as possible at the 
estimated hottest spot. When method No. 3 is used, it shall, 
when required, be checked by method No. 2; the hottest spot shall 
then be taken to be the highest value by either method, the required 
correction factors (§348 and §356) being applied in each case. 


By Building into the Machine suitably placed temperature de- 
tectors, a temperature not much less than that of the hottest spot will 
probably be disclosed. When these devices are adopted for such 
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temperature determinations, a liberal number shall be employed, and 
all reasonable efforts, consistent with safety, shall be made to 
locate them at the various places where the highest temperatures are 
likely to occur. 


Temperature-Detectors should be placed in at least two sets of 
locations. One of these should be between a coil-side* and the core, 
and one between the top and bottom coil-sides where two coil-sides 
per slot are used. Where only one coil-side per slot is used, one set of 
detectors shall be placed between coil-side and core, and one set 
between coil-side and wedge. 


Method No. 3 should be applied to all stators of machines with 
cores having a width of 50 cm. (20 in.) and over. It should also 
be applied to all machines of 5000 volts and over, if of over 500 
kv-a., regardless of core width. This method is not required for 
induction-regulators, which shall be tested as transformers. 


Correction Factor for Method No. 3.—In the case of two-layer 
windings, with detectors between coil-sides, and between coil-side and 
core, add 5° C tothe highest reading. In single-layer windings, with 
detectors between coil-side and core and between coil-side and wedge, 
add to the highest reading 10° C. plus 1° C. per 1000 volts above 5000 
volts of terminal pressure. 


TEMPERATURE LIMITS 


Table III gives the limits for the hottest-spot tempera- 
tures of insulations. The permissible limits are indicated 
in column 1 of the Table. The limits of temperature rise 
permitted under rated-load conditions are given in column 2, 
and are found by subtracting 40° C. from the figures in column 1. 
Whatever be the ambient temperature at the time of the test, the rise 
of temperature must never exceed the limits in column 2 of the 
table. The highest temperatures, and temperature rises, attained 
in any machine at the output for which it is rated, must not exceed 
the values indicated in the Table and clauses following. 


Permissible Temperatures and Temperature Rises For Insulating 
Materials. Table III (see next page) gives the highest temperatures 
and temperature rises to which various classes of insulating materials 


may be subjected, based on a standard ambient temperature of 
reference of 40°C. 


Note. The Institute recognizes the ability of manufacturers to 
employ Class B insulation successfully at maximum temperatures of 
150° C. and even higher. However, as sufficient data covering ex- 
perience over a period of years at such temperatures are at present 
unavailable, the Institute adopts 125° Cas a conservative limit for 
this class of insulation, and any increase above this figure should be 
the subject of special guarantee by the manufacturer. 


*A coil-side is one of the two active sides of a coil, 
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TABLE III. 
Permissible Temperatures and Temperature Rises for Insulating 
Materials. 
if 2 
JESS Maximum 
Class Description of Material Nts pete We Temperature 
material may ize 
be subjected 

EN, Cotton, silk, paper and simi- 
lar materials, when so treat- 
ed or impregnated as to in- 
crease the thermal limit, or 
when permanently im- 
mersed in oil; also enamel- 

leduwire ane ea ee 105°C 65°C 
B. Mica, asbestos and other ma- 
terials capable of resisting 
high temperatures, in which 
any Class A. material or 
binder is used for structural 
purposes only, and may 
be destroyed without im- 
pairing the insulating or 
mechanical qualities of the 

InSuUla tion cweier-desee Ghee 125°C 85°C 


(Ce Fireproof and refractory ma- 
terials, such as pure mica, 
porcelain, quartz,etc...... No limits specified. 


*For cotton, silk, paper and similar materials, when neither impregnated nor im- 
mersed in oil, the highest temperatures and temperature rises shall be 10°C below the 
limits fixed for Class A, in Table III. 


When a lower-temperature class material is comprised in a com- 
pleted product to such an extent, or in such ways, that its subjection 
to the temperature limits allowed for the higher-temperature class 
material, with which it is associated, would affect the integrity of the 
insulation either mechanically or electrically, the permissible tempera- 
ture shall be fixed at such a value as shall afford ample assurance that 
no part of the lower-temperature class material shall be subjected to 
temperatures higher than those approved by the Institute and -et 


forth above. 
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379 TABLE IV 


Depmissiple Hottest Spot Temperatures and Limiting Observable 


Temperature Rises in Other than Water-Cooled Machinery 
NOW SE oa One ge ee ee ee eee 


Class At B 
Permissible Hottest-Spot Temperature.... 105° 125° 
Pe 
Q & 2 Hottest Spot Correction. . yt Reda eek 15° on 
q a » £| Limiting Observable Teniperdeates, at 90° 110 
a £4 S| Limiting Observable Paaipecaiace Bie 
= es ae abové 40°C. tom sc nwameseg ah epee eee 50° 70° 
ao 
= ’ 
fa) g co Hottest Spot Correction. . Ai ein ee sohonshehe a red 
O < | Limiting Observable Taxi pareuute SO seks @ 95 115 
im a o | Limiting Observable Temperature Rise 
8 A shove ORCL thea, semen, 55° 75° 
fo 
bs 5 n : e 
> & % |Hottest Spot Correction....... 5° 5 
AS g & |Limiting Observable Temper- 
v Soe abUTE Rte dee ie toe 100° 120° 
5 Su" |Limiting Observable Temper- 
5 A iS 3 ature Rise above 40°C... 60° 80° 
Bi 
Q 
a wo n 
das fe 6 8 : : é 
mae & & |Hottest Spot Correction....... 10° 10 
fa) ate Ee eae Limiting Observable Temper- 
oz8 | 7o3 avanscn cea arena dee 95° 115° 
a Spe (es S Limiting Observable Temper- 
ei 5 9 | # : 2 ature Rise above 40°C... 55° 75° 
a S 
Ve) 
a 
a 5 
a & g 2 Hottest Spot Correction ...... 10° + (E—5)*|10° +(E—5) 
2 | = Limiting Observable Temper- 
a na ae Pr ved eke dens oryoyihs 95°—(E—5) |115°—(E—5) 
wg ss Limiting Observable Temper- 
Pa g B15 ature Rise above 40°C...|55°—(E—5) |75°—(E—5) 


{For cotton, silk, paper and similar materials, when neither impreganted nor immersed 
in oil, the highest temperatures and temperature rise shall be 10°C. below the limits 
fixed for class A. 

*In these formulas, E represents the rated pressure between terminals in kilovolts. 
Thus for a three-phase machine with single-layer winding, and with 11 kilovolts between 


terminals, the hottest-spot correction to be added to the maximum observable temperature 
will be 16°C, 


Special Cases of Temperature limits. 


385 Temperature of Oil. The oil in which apparatus is permanently 
immersed shall in no part have a temperature, observable by ther- 
mometer, in excess of 90°C. 


"Coe 
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Water-Cooled Transformers. In these the hottest-spot tempera- 
ture shall not exceed 90°C. 


Railway Motor Temperature Limits, see §804 and 805. 


Squirrel-Cage and Amortisseur Windings. In many cases the 
insulation of such windings is largely for the purpose of making 
the conductors fit tightly in their slots, and the slightest effective 
insulation is ample. In other cases, there is practically no insula- 
ting material on the windings. Consequently, the temperature 
rise may be of any value such as will not occasion mechanical in- 
jury to the machine. 


Collector Rings. The temperature of collector rings shall not be 
permitted to exceed the ‘‘ hottest-spot ’’ values set forthin §376 and 
379 for the insulations employed either in the collector rings them- 
selves or in adjacent insulations whose life would be affected by 
the heat from the collector rings. 


Commutators. The observable temperature shall in no case be 
permitted to exceed the values given in §376 and 379 for the in- 
sulation employed, either in the commutator or in any insulation 
whose life would be affected by the heat of the commutator. 


Cores. The temperature of those parts of the iron core in 
contact with insulating materials must not be such as to occasion 
in those insulating materials temperatures or temperature rises in 
excess of those set forth in §376 and 379. 


Other parts, (such as brush-holders, brushes, bearings, pole-tips, 
cores, etc.) All parts of electrical machinery other than those 
whose temperature affects the temperature of the insulating ma- 
terial, may be operated at such temperatures as shall not be in- 
jurious in any respect. 


METHODS OF LOADING TRANSFORMERS FOR TEMPERATURE 
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394 


TESTS 


Whenever practicable, transformers should be tested under con- 
ditions that will give losses approximating as nearly as possible 
to those obtained under normal or specified load conditions, main- 
tained for the required time (See §322 to 324). The maximum tem- 
perature rises measured during this test should be considered as the 
observable temperature rises for the given load. 

An approved method of making these tests is the “loading-back” 
method. ~The principal variations of this method are— 


With duplicate single-phase transformers. 

Duplicate single-phase transformers may be tested in banks of 
two, with both primary and secondary windings connected in par- 
allel. Normal magnetizing voltage should then be applied and the 
required current circulated from an auxiliary source. One trans- 
former can be held under normal voltage and current conditions, 
while the other may be operating under slightly abnormal con- 


ditions. 
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With one three-phase transformer. . 

One three-phase transformer may be tested in a manner similar 
to (a), provided the primary and secondary windings are each con: 
nected in delta for the test. Normal three-phase magnetizing volt 
age should be applied and the required current circulated from an 
auxiliary single-phase source. 

With three single-phase transformers. 

Duplicate single-phase transformers may be tested in banks of 
three, in a manner similar to (b) by connecting both primary and 
secondary windings in delta, and applying normal three-phase 
magnetizing voltage and circulating the required current from an 
auxiliary single-phase source. 

Notre:— Among other methods that have a limited application 
and can be used only under special conditions may be mentioned— 

(1) Applying dead load by means of some form of rheostat. 

(2) Running alternately for certain short intervals of time on 
open circuit and then on short circuit, alternating in this way until 
the transformer reaches steady temperature. In this test, the vol- 
tage for the open-circuit interval and the current for the short-circuit 
interval shall be such as to give the same integrated core loss, and 
the same integrated copper loss, asin normal operation. 


ADDITIONAL REQUIREMENTS 
Short-Circuit Stresses. 

The Institute recognizes the self-destructibility, both mechanical 
and thermal, of certain sizes and types of machines, when subjected 
to severe short-circuits, and recommends that ample protection be 
provided in such cases, external to the machine if necessary. 


Over-Speeds. 
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All Types of Rotating Machines shall be so constructed that 
they will safely withstand an over-speed of 25 per cent, except in the 
case of steam turbines, which, when equipped with emergency gover- 
nors, shall be constructed to withstand 20 per cent over-speed. 

In the case of Series Motors, it is impracticable to specify percen- 
tage values for the guaranteed over-speed, on account of the varying 
service conditions. 

Water-wheel Generators shall be constructed for the maximum 
runaway speed which can be attained by the combined unit. 


Momentary Loads. 


402 


Continuously Rated Machines shall be required to carry momen- 
tary loads of 150 per cent of the amperes corresponding to the con- 
tinuous rating, keeping the rheostat set for rated load excitation, 
(See §281, 764 and 803.) and commutating machinery shall com- 
mutate successfully under this condition. Successful commuta- 
tion is such that neither brushes nor commutator are injured by 
the test. In the case of direct-connected generators, this clause 


is not to be interpreted as requiring the prime mover to drive the 
generator at this overload, 
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Machines for duty-cycle operation shall be rated according to 
their equivalent load, either on the short-time or continuous basis, but 
if intended for operation with widely fluctuating loads, shall commu- 
es successfully under their specified operating conditions. See§ 284, 

85. 
Stalling Torque of Motors 


Motors for continuous serviceshall,except when otherwise specified, 
be required to develop a running torque at least 175 per cent of 
that corresponding to the running torque at their rated load, with- 
out stalling. 

Obviously, duty-cycle machines must carry their peak loads with- 
out stalling. 

WAVE FORM 

The Sine Wave shall be considered as standard, except where 
deviation therefrom is inherent in the operation of the system of 
which the machine forms a part. 

The deviation of wave form from the sinusoidal is determined by 
superposing upon the actual wave, (as determined by oscillograph), the 
equivalent sine wave of equal length, in such a manner as to give 
the least difference, and then dividing the maximum difference 
between corresponding ordinates by the maximum value of the 
equivalent sine wave. A maximum deviation of the wave from sin- 
usoidal shape not exceeding 10 per cent is permissible, except when 
otherwise specified. 


EFFICIENCY AND LOSSES 


Machine Efficiency is the ratio of the power delivered by the 
machine to the power received by it. 

Plant Efficiency is the ratio of the energy delivered from the 
plant to the energy received by it in the a specified period of time.* 

Two efficiencies are recognized, conventional efficiency and directly- 
measured efficiency. Unless otherwise specified, the conventional 
efficiency is to be employed. 

Conventional Efficiency of machinery is the ratio of the output to 
the sum of the output and the losses; or of the input minus the losses 
to the input; when, in either case, conventional values are assigned 
to one or more of these losses. The need for assigning conventional 
values to certain losses, arises from the fact that some of the losses 
in electrical machinery are practicably indeterminable, and must, in 
many cases, either be approximated by an approved method of test. 
or else values recommended by the Institute and designated ‘‘ con- 
ventional’’ values shall be employed for them in arriving at the ‘‘con- 
ventional efficiency.” 

Efficiencies based upon Conventional Losses shall be specifically 
stated to be conventional efficiencies. 

Directly-Measured Efficiency. Input and output determinations 
of efficiency may be made directly, measuring the output by brake, 


*An exception should be noted in the case of the efficiency of storage batteries. 
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or equivalent, where applicable. Within the limits of practical 
application, the circulating-power method, sometimes described as 
the Hopkinson or ‘‘ loading-back’’ method, may be used. 


Values of the Indeterminate Losses may also be obtained by 
brake or other direct test, and used in estimating actual efficiencies 
of similar machines, by the separate-loss method. 

Normal Conditions. The efficiency shall correspond to, or be 
corrected to, the normal conditions herein set forth, which shall be 
regarded as standard. These conditions include voltage, current, 
power-factor, frequency, wave-shape, speed, temperature, or such 
of them as may apply in each particular case. 

Measurement of Efficiency. Electric power shall be measured 
at the terminals of the apparatus. In polyphase machines, sufficient 
measurements shall be made on all phases to avoid errorsof unbalance. 

Point at Which Mechanical Power Shall be Measured. Mechani- 
cal power delivered by machines, shall be measured at the pulley, 
gearing, or coupling, on the rotor shaft, thus excluding the loss of 


power in the belt or gear friction. See, however, an exception in 
§800. 


The Efficiency of Alternating-Current machinery shall be measured 
when the current is in phase with the terminal voltage, unless 
otherwise specified, or unless a definite phase difference is inherent 
in the apparatus, as in induction machinery. 


Efficiency of Alternating-Current Machinery in regard to WaveShape. 

In determining the efficiency of alternating-current machinery, 
the sine wave is to be considered as standard, unless a different wave 
form is inherent in the operation of the system. See §405. 


Temperature of Reference for Efficiency Determinations. The 
efficiency, at all loads, of all apparatus, shall be corrected ton a 
reference temperature of 75°C. 


The losses in constant-potential machinery, either of the stationary 
type, or of the constant-speed rotary type, are of two classes; namely, 
those which remain substantially constant at all loads, and those 
which vary with the load. The former include iron losses, windage 
and friction, also I?R losses in any shunt windings. The latter 
include I*R losses in series windings. The constant losses may be 
determined by measuring the power required to operate the machine 
at no load, deducting any series I?R losses. The variable loss at 
any load may be computed from the measured resistance of the series 
windings and the given load current. 5 


Stray Load Losses. The above simple method of determining 
the losses and hence the efficiency is only approximate, since the 
losses which are assumed to be constant do actually vary to some 
extent with the load, and also because the actual loss in the copper 
windings is sometimes appreciably greater than the calculated I2R 
loss. The difference between the approximate losses, as above de- 
termined, and the actual losses, is termed the “ stray load losses ’™. 


_ *In Table V, the stray load losses include f, h, i, k, 1 and mj; but do not include 
increased core losses due to increased excitation for compensating internal drop under load. 
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These latter are due to. distortions in electric or magnetic fluxes 
from their no-load distributions or values, brought about by the load 


current. 
be indeterminable. 


TABLE V 


They are usually only approximately measurable, or may 


Classification of Losses in Machinery 


435 


Losses in machinery may be classified as follows: 


Accurately Measurable 
or Determinable 


Approximately 
Measurable or 
Determinable 


Indeterminable 


a. No-Load Core Losses 


Iron Loss due to 


Load I?R losses in windings 
No-Load [?R “ : 


“ 


including eddy-current Brush Friction h. 

losses in conductors at Loss flux distortion. 
no-load 

b. d. 1.Eddy-Current losses 


Brush-Contact 
Loss 


| 
| 


in conductors due to 
transverse fluxes oc- 
casioned by the load 
currents. : 


e. Losses due to wind- 
age and to bearing 
friction 


k. Eddy-Current losses 
in conductors due to 
tooth saturation re- 
sulting from distor- 
tion of the main flux. 


f. Extra copper loss 
in transformer wind- 
lings, due to stray 
fluxes caused by load 


| 
currents 


l 
Tooth-frequency los- 
ses due to flux dis- 
tortion under load. 


g. Dielectric Losses. 


m. Short-Circuit Loss 
of Commutation. 
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which require t 
Methods of measurin 
losses are given below. 


Evaluation of Losses. 
accurately or approximatel 
determ'nable losses reach values in various 
hat they should be taken into account. 

r allowing for these various 


g, approximating 0 


The larger individual losses are either 
y determinable, but certain of the in- 


kinds of machinery 


LOSSES TO BE TAKEN INTO ACCOUNT IN VARIOUS TYPES 
OF MACHINES 


440 
No-load core losses. 


I?R loss in all windings. (Acc. Meas. or Deter.) 
(Approximately Meas. 


Brush contact 
Unless otherwise spec 


?R 


Direct-Current Commutating Motors and Generators. 


(Accurately Measurable or Determinable). 


loss. 


or Deter). 


ified, use the Institute Standard of 1 volt 
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for contact drop per brush; i. e., 2 volts for total brush drop, 
for either carbon or graphite brushes. Sce §454 and 819. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 

Rheostat losses, when present. (Acc. Meas. or Deter.) 

Brush friction. (Approx. Meas. or Deter.) 

All indeterminable load losses (including stray-load iron 
losses) which may be important, which vary with the design, and for 
which no satisfactory method of determination has been found, shall 
be included as zero per cent in estimating conventional efficiency. 


441 Synchronous Motors and Generators. 

No-load core losses. (Acc. Meas. or Deter.) 

I?R loss in all windings. (Acc. Meas. or Deter.) based upon rated 
kw. and power factor. 

Stray 'oad-losses. (Indeterminable.) In approximating these 
losses, the method described in §458 shall be employed. 
Friction of bearings and windage. (Approx. Meas. or Deter.) 

Brush friction and brush-contact loss is negligible. 

Rheostat losses, when present, corresponding to rated kw. and 
power factor. (Acc. Meas. or Deter.) 

442 Induction Machines. 

No-load core losses, (Acc. Meas. or Deter.) 

I?R losses in all windings. (Acc. Meas. or Deter.) 

Stray load-losses. (Indeterminable.) In approximating these 
losses, the method described in §459 shall be employed. 

Brush friction when collector rings are present. (Approx. 
Meas. or Deter.) 

Brush-contact loss. (Approximately Meas. or Deter.). 
Unless otherwise specified, use the Institute Standard of 1 
volt for contact drop per brush, for either carbon or graph- 
ite brushes. See §454. 

Friction of bearings and windage (Approx. Meas. or Deter.) 

443 Commutating A-C. Machines 

No-load core losses. (Acc. Meas. or Deter.) 

I?R losses in all windings. (Acc. Meas. or Deter.) 

Brush friction. (Approx. Meas. or Deter.) 

Brush-contact loss. (Approx. Meas. or Deter.) Unless 
otherwise specified, use the Institute Standard of 1 volt for 
contact drop per brush, for either carbon or graphite 
brushes. See §454 and 819. 

Friction of bearings and windage. (Approx. Meas. or Deter.) 

Short-Circuit loss of commu- 


tation. (Indeterminable.) 
Iron loss due to flux distor- | The Institute is not at this 
tion. (Indeterminable.) time prepared to make recom- 
Eddy-current losses due to mendations for approximating 
fluxes varying with load these losses. : 


and saturation. (Indeter- 
minable.) 


~~ a 
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444 Synchronous Converters. 


No-load core losses. .(Acc. Meas. or Deter.) 

J2R losses in all windings, based on rated kw. and power factor. 
(Approx. Meas. or Deter.) The I?R losses in the armature 
winding shall be derived from those corresponding to its 
use as a direct-current generator, by using recognized factors. 

Brush friction. (Approx. Meas. or Deter.) 

Rheostat losses when present, corresponding to rated kw. and 
power factor. (Acc. Meas. or Deter.) 

Brush-contact loss. (Approx. Meas. or Deter.) Unless other- 
wise specified, use the Institute Standard of 1 volt for con- 
tact drop per brush,—for either carbon or graphite brushes. 


See §454. 
Short-circuit loss of commuta- 
tion. (Indeterminable) These losses, while usually of 
Iron loss due to flux distor- low magnitude, are erratic, 
tion when present. (In- and the Institute is not at 
determinable). this time prepared to make 
Eddy-current losses due to recommendations for approxi- 
fluxes varying with load mating them. 
and saturation. (Inde- 


terminable.) 
Friction of bearings and windage. (Approx. Meas. or Deter.) 
For the booster type of synchronous converter, where the 
booster forms an integral part of the unit, its losses shall 
be included in the total converter losses in estimating the 
efficiency. 


445 Transformers. 

No-load losses. These include the core loss and the I?R loss 
due to the exciting current, (Acc. Meas. or Deter.) also the 
dielectric hysteresis loss in the insulation, (Approx. Meas. or 
Deter.) (See §470.) 

I?R losses in all windings. (Acc. Meas. or Deter.) 

Stray load losses. (Approx. Meas. or Deter.). These include 
eddy-current losses in windings and core, due to fluxes varying 
with load. See §471, for the method of approximating these 
losses. 


DETERMINATION OR APPROXIMATION OF LOSSES IN 
ROTATING MACHINERY 


450 Bearing Friction and Windage may be determined as follows. 
Drive the machine from an independent motor, the output of which 
shall be suitably determined. The machine under test shall have its 
brushes removed and shall not be excited. This output represents 
the bearing friction and windage of the machine under test. 

The bearing friction and windage of induction motors may be 
measured by running motors free at the lowest voltage at which 
they will rotate continuously at. approximately rated speed; the 


1826 STANDARDIZATION RULES OF THE A.J. E. E. 


watts input, minus I?R loss, under these conditions being taken 
as the friction and windage. 

In the case of engine-type generators, the windage and bearing 
friction loss is ordinarily very small,amounting to a fraction of one 
per cent of the output. In these rules this loss is neglected owing 
to its small value and the difficulty of measuring it. 


451 Brush Friction of Commutator and Collector Rings. Follow the 
test of §450, taking an additional reading with the brushes in contact 
with the commutator or collector rings. The difference between the 
output obtained in the test in §450 and this output shall be taken as 
the brush friction. Note: The surfaces of the commutator and 
brushes should already be smooth and glazed from running when 
this test is made. 

452 No-Load Core Loss. Follow the test in §451 with an additional 
reading taken with the machine excited. The difference between the 
output value of §451 and the output value of this reading shall be 
taken as the no-load coreloss. This no-load core loss shall be taken 
with the machine so excited, as to produce rated terminal voltage. 

The Core Loss of Induction Motors may be determined by mea- 
suring the watts input to the motor when running free at normal 
rated voltage and frequency, and subtracting therefrom the no- 
load copper loss and the bearing friction and windage. 


453  No-Load Core Loss at the Internal Voltage Corresponding 
to Rated Load. This shall be taken as in §452, except that the 
machine shall be so excited as to produce at the terminals the volt- 
age corresponding to the calculated internal voltage for the load 
and power factor under consideration. For synchronous 
machines, since no generally accepted method is available for ob- 
taining the stator reactance, the internal voltage shall be determined 
by correcting the terminal voltage for only the resistance drop. 


454 The Brush-Contact PR Loss depends largely upon the material of 
which the brush is composed. As indicating the range of variation 
the following table will be of interest: 


TABLE VI. 
Brush-Contact Drop. 


Volts drop across one brush-contact. 
Grade of Brush (Average of positive and negative brushes) 


—————————— —  __. 


Hard Carbon | Neen b 

Soft Carbon 0.9 

Graphite 0.5 to0.8 

Metal-Graphite types 0.15 to 0.5 (The former for largest proportion 


of metal) 


One volt drop per brush shall be considered as the Institute Stand- 
ard drop corresponding to the I?R brush-contact loss, for car 


455 


456 


467 


458 


469 


460 
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bon and graphite brushes. Metal-graphite brushes shall be con- 
sidered as special. See §819. 


Field-Rheostat Losses shall be included in the generator losses 
where there is a field rheostat in series with the field magnets of 
the generator, even when the machine is separately excited. 


Ventilating Blower. When a blower is supplied as part of a 
machine set, the power required to drive it shall be charged against 
the complete unit; but not against the machine alone. 


Losses in Other Auxiliary Apparatus. Auxiliary apparatus, such as 
a separate exciter for a generator or motor, shall have its losses 
charged against the plant of which the generator and exciter are 
a part, and not against the generator. An exception should be 
noted in the case of turbo-generator sets with direct-connected 
exciters, in which case the losses in the exciter shall be charged 
against the generator. The actual energy of excitation and the 
field-rheostat losses, if any, (see §455) shall be charged against the 
generator. 


Stray Load-Losses in Synchronous Generators and Motors. These 
include iron losses, and eddy-current losses in the copper, due to 
fluxes varying with load and also to saturation. 

Stray load-losses are to be determined by operating the machine 
on short circuit and at rated-load current. This, after deducting the 
windage and friction and I?R loss, gives the stray load-loss for 
polyphase generators and motors. These losses in single-phase 
machines are large; but the Institute is not yet prepared to specify 
a method for measuring them. : 


Stray Load-Losses in Induction Machines. 

These include eddy-current losses in the stator copper, and other 
eddy-current losses due to fluxes varying with the load. In wind- 
ings consisting of relatively small conductors, these eddy-current 
losses are usually negligible. 

With rotor removed, and for a given stator current, measure the 
input the stator at different frequencies. Plot a curve of loss 
against frequency. At low frequencies, the loss becomes constant, 
indicating the I?R value. The difference between this I?R value 
and the total loss at normal frequency, shall be taken as the stray 
load-loss. This method is not accurate with induction motors in 
which the slots are entirely closed. In such machines these losses 


may be greater. 


Polyphase Induction-Motor Rotor I?R Loss. This should be de- 
termined from the slip, whenever the latter is accurately determinable, 


using the following equation: 
Output X slip 


Rotor J?R loss = : 
1—slip 


In large slip-ring motors, in which the slip cannot be directly meas- 
ured by loading, the rotor I?R loss shall be determined by direct 
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resistance measurement; the rotor full-load current to be calculated 
by the following equation: 


watts output 
rotor voltage at stand-still X V3 PEG 


Current perring = 


This equation applies to three-phase rotors. For rotors wound 


for two phase, use 2 instead of the VJ/3. K may be taken as 0.95 
for motors of 150 kw. or larger. The factor K usually decreases 
as the size of motor is reduced, but no specific value can be stated 
for smaller sizes. 


DETERMINATION OR APPROXIMATION OF LOSSES IN 
TRANSFORMERS 


470 No-Load Losses. These shall be measured with open secondary 
circuit at the rated frequency, and with an applied primary voltage 
giving the rated secondary voltage plus the IR drop which occurs in 
the secondary under rated-load conditions. These no-load losses 
include core losses, consisting of hysteresis and eddy-current losses 
in the core, as well as dielectric loss in insulation due to electro- 
static flux, which latter loss increases rapidly with temperature, 
and the test should therefore preferably be made at the reference 
temperature of 75°C, 


471 Stray Load-Losses. These shall be measured by applying a pri- 

mary voltage sufficient to produce rated-load current in the primary 
and secondary windings, the latter being short circuited. The stray 
load-losses will then be equal to the input decreased by the measured 
I?R losses in both windings, as computed from resistance measure- 
ments at actual temperature, and the rated current. It is ordi- 
narily immaterial whether the high-voltage or low-voltage winding 
is used as the primary winding in this test. 


TESTS OF DIELECTRIC STRENGTH OF MACHINERY 


480 Basis for Determining Test Voltages. The test voltage which 
shall be applied to determine the suitability of insulation for com- 
mercial operation is dependent upon the kind and size of the ma- 
chinery, and its normal operating voltage, upon the nature of the 
service in which it is to be used, and upon the severity of the me- 
chanical and electrical stresses to which it may be subjected. The 
voltages and other conditions of test which are recommended, 
have been determined as reasonable and proper for the great majority 
of cases, and are proposed for general adoption, except when specific 
reasons make a modification desirable. 


481 Condition of Machinery to be Tested. Commercial tests shall, 
in general, be made with the completely assembled machinery 
and not with individual parts. The machinery shall be in good 
condition, and high-voltage tests, unless otherwise specified, shall be 
applied before the machine is put into commercial service, and shall 
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not be applied when the insulation resistance is low owing to dirt or 
moisture. High-voltage tests shall be made at the temperature as- 
sumed under normal operation or at the temperature attained under 
the conditions of commercial testing. High-voltage tests to determine 
whether specifications are fulfilled, are admissible on new ma- 
chines only. Unless otherwise agreed upon, high-voltage tests of a 
machine shall be understood as being made at the factory. 


Points of Application of Voltage. The test voltage shall be suc- 
cessively applied between each electric circuit and all other elec- 
tric circuits and metal parts grounded. 

Interconnected Polyphase Windings are considered as one circuit. 
All windings of a machine except that under test, shall be connected 
to ground. 

Frequency, Wave Form and Test Voltage. The frequency of 
the testing circuit shall not be less than the rated frequency of the 
apparatus tested. A sine-wave form is recommended. See §405. 
The test shall be made with alternating voltage having a crest 
value equal to +/2 times the specified test voltage. In d.c. machines, 
and in the general commercial application of a.c. machines, the 
testing frequency of 60 cycles per second is recommended. 

Duration of Application of Test Voltage. The testing voltage 
for all classes of apparatus shall be applied continuously for a period 
of 60 seconds. 

Apparatus for Use on Single-Phase, 3-Phase-Delta or 3-Phase- 
Star Circuits. Apparatus, such as transformers, which may be used 
in star connection on three-phase circuits, shall have the delta 
voltage of the circuits on which they may be used indicated on the 
rating plate and the test shall be based on such delta voltage. 


VALUES OF A-C. TEST VOLTAGES 


The Standard Test for All Classes of Apparatus, Except as Other- 
wise Specified, Shall be Twice the Normal Voltage of the Circuit 
to Which the Apparatus is Connected, Plus 1000 Volts. 


Exception—Alternating-Current Apparatus connected to Perma- 
nently Grounded Single-Phase Systems, for use on Permanently 
Grounded Circuits of more than 300 Volts, shall be tested with 
2.73 times the voltage of the circuit to ground + 1000 volts. This 
does not refer to three-phase apparatus with grounded star neutral. 


Exception—Distributing Transformers. Transformers for pri 
mary pressures from 550 to 5000 volts, the secondaries of which are 
directly connected to consumers’ circuits and commonly known as 
distributing transformers, shall be tested with 10,000 volts from 
primary to core and secondary combined. The secondary windings 
shall be tested with twice their normal voltage plus 1000 volts. 


Exception—Auto-Transformers used for starting purposes, shall 
be tested with the same voltage as the test voltage of the appa- 
ratus to which they are connected. 
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504 Exception—Household Devices. Apparatus taking not over 
660 wattst and intended solely for operation on supply circuits not 
exceeding 250 volts, shall be tested with 900 volts, except in the 
case of heating devices which shall be tested with 500 volts at oper- 
ating temperature. 


505 Exception—Apparatus for use on Circuits of 25 Volts or Lower, 
such as bell-ringing apparatus,* electrical apparatus used in automo- 
biles, apparatus used on low-voltage battery circuits, etc., shall be 
tested with 500 volts. 


506 Exception—Field Windings of Alternating-Current Generators 
shall be tested with 10 times the exciter voltage, but in no case with 
less than 1500 volts nor more than 3500 volts. 


507 Exception—Field Windingst of Synchronous Machines, in- 
cluding motors and converters which are to be started from al- 
ternating-current circuits, shall be tested as follows: 


a. When machines are started with fields short-circuited they 
shall be tested as specified in §606. 


b. When machines are started with fields open-circuited and 
sectionalized while starting, they shall be tested with 5000 volts. 


c. When machines are started with fields open-circuited and 
connected all series while starting, they shall be tested with 5000 
volts for less than 250-volt excitation and 8000 volts for excitation 
of 250 volts to 750 volts. 


508 Exception. Phase-Wound Rotors of Induction Motors. The 
secondary windings of wound rotors of induction motors shall be 
tested with twice their normal induced voltage, plus 1000 volts. 

When induction motors with phase-wound rotors are reversed, 
while running at approximately normal speed, by reversing the 
primary connections, the test shall be four times the normal in- 
duced voltage, plus 1000 volts. 


509 =Exception—Switches and Circuit Control Apparatus above 600 
volts, shall be tested with 24 times rated voltage, plus 2000 volts. 
See §720 to 741. 


510 Exception—Assembled Apparatus. Where a number of pieces 
of apparatus are assembled together and tested as an electrical unit, 
they shall be tested with 15 per cent lower voltage than the lowest 
required on any of the individual pieces of apparatus. 


611 Testing Transformers by Induced Voltage. Under certain’ con- 
ditions it is permissible to test transformers by inducing the required 
voltage in their windings, in place of using a separate testing trans- 
former. By “required voltage’’, is meant a voltage such that the line 
end of the windings shall receive a test to ground equal to that re- 
quired by the general rules. 


tThe present National Electric Code power limit for a single outlet. 


*This rule does not include bell-tinging transformers of ratio 125 to 6 volts. See National 
Electric Code. 


tSeries field coils should be regarded as part of the armature circuit and tested as such. 
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Transformers with Graded Insulation shall be so marked. They 
shall be tested by inducing the required test-voltage in the transfor- 
mer and connecting the successive line leads to ground. 

Transformer windings permanently grounded within the trans- 
former shall be tested by inducing the required test voltage in 
such windings. (See §500). 


MEASUREMENT OF VOLTAGE IN DIELECTRIC TESTS 
OF MACHINERY 


Use of Voltmeters and Spark-Gaps in Insulation Tests. 
When making insulation tests on electrical machinery. every 
precaution must be taken against the occurrence of any spark- 
gap discharges in the circuits from which the machinery is being 
tested. A  non-inductive resistance of about one ohm per 
volt shall be inserted in series with one terminal of the spark gap. 
If the test is made with one electrode grounded, this resistance shall be 
inserted directly in series with the non-grounded electrode. If 
neither terminal is grounded, one-half shall be inserted directly in 
series with each electrode. In any case this resistance shall be as 
near the measuring gap as possible and not in series with the tested 
apparatus. The resistance will damp high-frequency oscillations 
at the time of breakdown and limit the current which will flow. 
A water tube isthe most reliable form of resistor. Carbon resistors 
should not be used because their resistance may become very low at 
high voltages. 

For MAcHINERY oF Low Capacitance. When the ma- 
chinery under test does not require sufficient charging current to 
distort the high-voltage wave shape, or change the ratio of transfor- 
mation, the spark gap should be set for the required test voltage and 
the testing apparatus adjusted to givea voltage at which this spark 
gap just breaks down. This adjustment should be made with the 
apparatus under test disconnected. The apparatus should then be 
connected, and with the spark gap about 20 per cent longer, the 
testing apparatus is again adjusted to give the voltage of the 
former breakdown, which is the assumed voltage of test. This 
voltage is to be maintained for the required interval. 


For MAcHINERY OF HIGH CAPACITANCE. When the char- 
ging current of the machinery under test may appreciably distort 
the voltage wave or change the effective ratio of the testing trans- 
former, the first adjustment of voltage with the gap set for the 
test voltage should be made with the apparatus under test con- 
nected to the circuit and in parallel with the spark gap. 

When making arc-over tests of large insulators, leads, etc. partial 
arc-over of the tested apparatus may produce oscillations which will 
cause the measuring gap to discharge prematurely. The measured 
voltage will then appear too high. In such tests the “ equivalent ”’ 
ratio ”’ of the testing transformer should be measured by gap to within 
20% of the arc-over voltage of the tested apparatus with the tested 
apparatus in circuit. The measuring gap should then be greatly 
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lengthened out and the voltage increased until the tested apparatus 
arcs over. This arc-over voltage should then be determined by mul- 
t plying the voltmeter reading by the equivalent ratio found above. 
Direct measurement of the spark-over voltage over one gap by 
another gap should always be avoided. 


533 Measurements with Voltmeter. In measuring the voltage 
with a voltmeter, the instrument should preferably derive its 
voltage from the high-tension circuit, either directly, or by means of 
a voltmeter coil placed in the testing transformer, or through an 
auxiliary ratio transformer. It is permissible to measure the voltage 
at other places, such as the transformer primary provided cor- 
rections can be made for the variations in ratio caused by 
the charging current of the machinery under test, or pro- 
vided there is no material variation of this ratio. In any case, 
when the capacitance of the apparatus to be tested is such as 
to cause wave distortion, the testing voltage must be checked by a 
spark gap as set forth in §538, or by a crest voltage meter. If the 
crest-voltage meter is calibrated in crest volts, its readings must be 
reduced to the corresponding r. m. s. sinusoidal value by dividing with 
Nee 

534 Measurements with Spark Gaps. If proper precautions 
are observed, spark gaps may be used to advantage in checking 
the calibration of voltmeters when set up for the purposes of high- 
voltage tests of the insulation of machinery. 


535 Ranges of Voltages. For the calibrating purposes set forth 
in §584 the sphere-gap shall be used for voltages above 50 kv., 
and is to be preferred down to 30kv. The needle spark-gap may, 
however, be used for voltages from 10 to 50 kv, 


536 The Needle Spark Gap. The needle spark gap shall consist of 
new sewing needles, supported axially at the ends of linear conductors 
which are at least twice the length of the gap. There must 
be a clear space around the gap for a radius of at least twice the gap 
length. 

5637 = The sparking distances in air between No. 00 sewing needle points 
for various root-mean-square sinusoidal voltages are as follows: 


TABLE VII. 
Needle-Gap Spark-Over Voltages 
(At 25°C and 760 mm. barometer). 


RMS Kilovolts Millimeters R.M.S. Kilovolts | Millimeters 
10 TEV sto) 35 51 
15 18.4 40 62 
20 25.4 45 is 
25 33 50 90 
30 41 


— en ye 
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The above values refer to a relative humidity of 80 per cent. 
Variations from this humidity may involve appreciable variations 
in the sparking distance. 


The Sphere Spark-Gap. The standard sphere spark-gap shall 
consist of two suitably mounted metal spheres. When used as speci- 
fied below, the accuracy obtainable should be approximately 2 per 
cent. 

No extraneous body, or external part of the circuit, shall be nearer 
the gap than twice the diameter of the spheres. By the “gap’’ is 
meant the shortest path between the two spheres. 

The shanks should not be greater in diameter than 1/5th the sphere 
diameter. Metal collars, etc., through which the shanks extend, 
should be as small as practicable and should not, during any meas- 
urement, come closer to the sphere than the maximum gap length 
used in that measurement. ; 

The sphere diameter should not vary more than 0.1 per cent and 
the curvature, measured by a spherometer, should not vary 
more than 1 per cent from that of a true sphere of the required 
diameter. 


In using the spherometer to measure the curvature, the distance 
between the points of contact of the spherometer feet should be 
within the following limits: 


TABLE VIII 


Spherometer Specifications 


Distance between contact points in mm. 


Diameter of Sphere 


in m.m. Maximum Minimum 
6220 35 25 
125 45 35 
250 65 45 
500 100 65 


ee eae 


539A In using Sphere Gaps constructed as above, it is assumed that the 


apparatus will be set up for use in a space comparatively free from 
external dielectric fields. Care should be taken that conducting 
bodies forming part of the circuit, or at circuit potential, are not so 
located with reference to the gap that their dielectric fields are super- 
posed onthe gap; e.g., the protecting resistance should not be arranged 
so as to present large masses or surfaces near the gap, even at a dis- 
tance of two sphere diameters. 

In case the sphere is grounded, the spark point of the grounded 
sphere should be approximately five diameters above the floor or 


ground, 
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540 The sparking distances between different spheres for various r.m.s 
sinusoidal voltages sha!l be assumed to be as follows: 


TABLE IX. 
Sphere-Gap Spark-Over Voltages 


(At 25°C and 760 mm. barometric pressure) 


Sparking Distance in Millimeters. 


Kilo- | 62.5 mm, spheres 125 mm. spheres 250 mm. spheres 500 mm. spheres 
volts 


One Both One Both One Both One Both 
sphere spheres | sphere | spheres| sphere | spheres | sphere spheres 
grounded |insulated|grounded |insulated|grounded |insulated| grounded |insulated 

10 4.2 4.2 

20 8.6 8.6 Pr 2% 

30 13.05 18E5 14.1 14.1 

40 19.2 19.2 19.1 19.1 

50 25.5 25.0 24.4 24.4 ae $5 

60 34.5 32.0 Bos 30. 29 29 

70 46.0 39.5 36 36 35 35 AP ae 

80 62.0 49.0 42 42 41 41 41 41 

90 60.5 49 49 46 45 46 45 
100 56 55 52 51 52 53 
120 79.7 7Al 64 63 63 62 
140 108 88 78 Ke 74 73 
160 150 110 92 90 85 83 
180 138 109 106 97 95 
200 128 123 108 106 
220 150 141 120 117 
240 177 160 133 130 
260 210 180 148 144 
280 250 203 163 158 
300 231 177 uly (al 
320 265 194 187 
340 214 204 
360 234 221 
380 255 239 
400 276 257 


The sphere gap is more sensitive than the needle gap to momentary rises of voltage 
and the voltage required to spark over the gap should be obtained by slowly closing 
the gap under constant voltage, or by slowly raising the voltage with a fixed setting 
of the gap. Open arcs should not be permitted in proximity to the gap during 
its operation, as they may affect its calibration, 


AIR-DENSITY CORRECTION-FACTORS FOR SPHERE GAPS 


541 The Spark-Over Voltage, for a given gap, decreases with decreasing 
barometric pressure and increasing temperature. This correction 
may be considerable at high altitudes. 
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The spacing at which it is necessary to set a gap to spark over at 
some required voltage, is found as follows: Divide tne required 
voltage by the correction factor given below in Table X. A new 
voltage is thus obtained. The spacing on the standard curves ob- 
tained from Table IX, corresponding to this new voltage, is the re- 
quired spacing. 

The voltage at which a given gap sparks over is found by taking the 
voltage corresponding to the spacing from the standard curves of 
Table IX, and multiplying by the correction factor. 

When the variation from sea level is not great, the relative air 
density may be used as the correction factor; when the variation is 
great, or greater accuracy is desired, the correction factor correspond- 
ing to the relative air density should be taken from Table X below, 
in which i 

0.392 b 


Relati ic density, — == ————— 
elative air density 273 41 


b = barometric pressure in mm. 

t = temperature in deg. C. 

Corrected curves may be plotted for any given altitude, if de- 
sired. 

Values of relative air density and corresponding values of the cor- 
rection factor are tabulated below. It will be seen that for values 
above .9, the correction factor does not differ greatly from the relative 
air density. 


TABLE X. 
Air-Density Correction Factors for Sphere Gaps 


Relative 
air Diameter of standard spheres in mm. 
density 
sista ee Se 
62.5 125 250 500 
0.50 0.547 0.535 0.527 0.519 
0.55 0.594 0.583 0.575 0.567 
0.60 0.640 0.630 0.623 0.615 
0.65 0.686 0.677 0.670 0.663 
0.70 0.732 0.724 0.718 0.711 
0.75 0.777 0.771 0.766 0.759 
0.80 0.821 0.816 0.812 0.807 
0.85 0.866 0.862 0.859 0.855 
0.90 0.910 0.908 0.906 0.904 
0.95 0.956 0.955 0.954 0.952 
1.00 1.000 1.000 1.000 1.000 
1.05 1.044 1.045 1.046 1.048 
LO) 1.090 1.092 1.094 1.096 
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INSULATION RESISTANCE OF MACHINERY 


550 = The insulation resistance of a machine at its operating temperature 
shall be not less than that given by the following formula: 


voltage at terminals 
rated capacityin kv-a. +1000 


Insulation Resistance in megohms = 


The formula only applies to dry apparatus. Such high values are 
not attainable in oil-immersed apparatus. 

Insulation resistance tests shall, if possible, be madeat ad.c. pressure 
of 500 volts. Since the insulation resistance varies with the pressure, 
it is necessary that, if a pressure other than 500 volts is to be employed 
in any case, this other pressure shall be clearly specified. 

The order of magnitude of the values obtained by this rule is 
shown in the following table: 


TABLE XI, 
Insulation Resistance of Machinery 


Rated Megohms 
Voltage 
of machine Fe oSSDSen=SSS SSS —RSEESSSSoseanepnent 
100 kv-a. 1000 kv-a. 10,000 kv-a. 
100 0.091 0.05 = 
1,000 0.91 | 0.50 0.091 
10,000 9.1 | 5.0 0.91 
100,000 ee | 50 9.1 


561 = It should be noted that the insulation resistance of machinery is of 
doubtful significance by comparison with the dielectric strength. 
The insulation resistanceis subject to widevariation with temperature, 
humidity and cleanliness of the parts. When the insulation 
resistance falls below that corresponding to the above Tule; iticany, 
in most cases of good design and where no defect exists, be brought up 
to the required standard by cleaning and drying out the machine. 
The insulation-resistance test may therefore afford a useful indi- 
cation as to whether the machine is in suitable condition for the 
application of the dielectric test. 


REGULATION 


DEFINITIONS ° 
560 Regulation. The regulation of a machine in regard to some 
characteristic quantity (such as terminal voltage or speed) is the 
change in that quantity occurring between any two loads. Unless 
otherwise specified, the two loads considered shall be zero load and 
rated load, and at the temperature attained under normal 
operation. The regulation may be expressed by stating the nu- 
merical values of the quantity at the two loads, or it may be ex- 
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pressed by the ‘‘ percentage regulation’, which is the percentage 
ratio of the change in the quantity occurring between the two 
loads, to the value of the quantity at either one or the other load, 
taken as the normal value. It is assumed that all parts of the 
machine affecting the regulation maintain constant temperature 
between the two loads, and where the influence of temperature is of 
consequence, a reference temperature of 75°C shall be considered as 
standard. If change of temperature should occur during the tests, 
the results shall be corrected to the reference temperature of 75°C. 

The normal value may be either the no-load value, as the no-load 
speed of induction motors; or it may be the rated-load value, as in 
the voltage of a.c. generators. 

It is usual to state the regulation of d-c. generators by giving 
the numerical values of the voltage at no load and rated load, and in 
some cases it is advisable to state regulation at intermediate loads. 


The Regulation of d-c. Generators refers to changes in voltage 
corresponding to gradual changes in load and does not relate to the 
comparatively large momentary fluctuations in voltage that fre- 
quently accompany instantaneous changes in load. 

In determining the regulation of a compound-wound d-c. gener- 
ator, two tests shall be made, one bringing the load down and the 
other bringing the load up, between no-load and rated load. 
These may differ somewhat, owing to residual magnetism. The 
mean of the two results shall be used. 

In constant-potential a-c. generators, the regulation is the rise 
in voltage (when the specified load at specified power factor is. 
thrown off) expressed in per cent of normal rated-load voltage. 

In constant-current machines, the regulation is the ratio of the 
maximum difference of current from the rated-load value (occurring 
in the range from rated-load to short-circuit, or minimum limit 
of operation), to the rated-load current. 

In constant-speed direct-current motors, and induction motors, 
the regulation is the ratio of the difference between full-load and no- 
load speeds to the no-load speed. 

In constant-potential transformers, the regulation is the difference 
between the no-load and rated-load values of the secondary terminal 
voltage at the specified power factor (with constant primary im- 
pressed terminal voltage) expressed in per cent of the rated-load 
secondary voltage, the primary voltage being adjusted to such a 
value that the apparatus delivers rated output at rated secondary 
voltage. 

In converters, dynamotors, motor-generators and frequency 
converters, the regulation is the change in the terminal voltage of 
the output side between the two specified loads. This may be 
expressed by giving the numerical values, or as the percentage of 
the terminal voltage at rated load. 

In transmission lines, feeders etc., the regulation is the change 
in the voltage at the receiving end between rated non-inductive 
load and no load, with constant impressed voltage upon the sending 
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end. The percentage regulation is the percentage change in voltage 
to the normal rated voltage at the receiving end, 

In steam engines, steam turbines and internal combustion engines, 
the percentage speed regulation is usually expressed as the per- 
centage ratio of the maximum variation of speed, to the rated-load 
speed in passing slowly from rated load to no load (with constant 
conditions at the supply.) 

If the test is made by passing suddenly from rated load to no 
load, the immediate percentage speed regulation so derived shall 
be termed the fluctuation. 


In a hydraulic turbine, or other water motor, the percentage 
speed regulation is expressed as the percentage ratio of the maximum 
variation in speed in passing slowly from rated load to no load (at 
constant head of water), to the rated-load speed. 


In a generator unit, consisting of a generator combined with a 
prime mover, the speed or voltage regulation should be determined 
at constant conditions of the prime mover; 1.€. constant steam- 
pressure, head, etc. It includes the inherent speed variations of 
the prime mover. For this reason, the regulation of a generator 
unit is to be distinguished from the regulation of either the prime 
mover, or of the generator combined with it, when taken separately. 


CONDITIONS FOR TESTS OF REGULATION 


Speed and Frequency. The tegulation of generators is to be 
determined at constant speed, and of alternating-current apparatus 
at constant frequency. 


Power Factor. In- apparatus generating, transforming or trans- 
mitting alternating currents, the power factor of the load to which 
the regulation refers should be specified. Unless otherwise specified, 
it shall be understood as referring to non-inductive load, that is 
to a load in which the current is in phase with the e.m f. at the out- 
put side of the apparatus. 


Wave Form. In the regulation of alternating-current machinery 
receiving electric power, a sine wave of voltage is assumed, except 
where expressly specified otherwise. See §405. 


Excitation. In commutating machines, rectifying machines, and 
synchronous machines, such as direct-current generators and motors, 
as well as in alternating-current generators, the regulation is to be 
determined under such conditions as to maintain the field adjustment 


constant at that which gives rated-load voltage at rated-load 
current, as follows: 


(1) In the case of separately-excited field magnets—constant 
excitation. 


(2) In the case of shunt machines, constant resistance in the shunt- 
field circuit. 

(3) In the case of series or compound machines, constant resist- 
ance shunting the series-field windings. 
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Tests and Computation of Regulation of A-C. Generators. 

Any one of the three following methods may be used. They are. 
given in the order of preference. } 

Method a. 

The regulation can be measured directly, by loading the gener- 
ator at the specified load and power factor, then reducing the load to 
zero, and measuring the terminal voltage, with speed and excitation 
adjusted to the same values as before the change. This method 
is not generally applicable for shop tests, particularly on large 
generators, and it becomes necessary to determine the regulation 
from such other tests as can be readily made. 

Method b. 

This consists in computing the regulation from experimental 
data of the open-circuit saturation curve and the zero-power- 
factor saturation curve. The latter curve, or one approximat- 


Normal Voltagé 


TERMINAL VOLTAGE 


.e) B FIELD EXCITATION 5 
Pica L 


ing very closely to it, can be obtained by running the generator 
witn over excitation on a load of idle-running under-excited syn- 
chronous motors. The power factor under these conditions is very 
low and the load saturation curve approximates very closely the zero 
power factor saturation curve. From this curve and the open circuit 
curve, points for the load saturation curve, for any power factor, can 
be obtained by means of vector diagrams. 

To apply Method b, it is necessary to obtain from test, the open- 
circuit saturation curve OA, Fig. 1, and the saturation curve BC at 
zero power factor and rated-load current. At any given excitation 
Oc, the voltage that would be induced on open circuit is ac, the ter- 
minal voltage at zero power factor is bc, and the apparent internal 
drop is ab. The terminal voltage dc at any other power factor can 


then be found by drawing an e.m.f. diagram* as in Fig. 2, where d is 


*Method b, for deducing the load saturation curve, at any assigned power factor, 
from no-load and zero-power-factor saturation curves obtained by test, must be re- 
garded as empirical. Its value depends upon the fact that experience has demon- 
strated the reasonable correctness of the results obtained by it. 
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an angle such that cos @ is the power factor of the load, be the resist- 


ance drop ([R) in the stator winding, ba the total internal drop, and 
ac the total induced voltage; ba and ac being laid off to correspond 
with the values obtained from Fig. 1. The terminal voltage at power 
factor cos , is then cb of Fig. 2, which, laid off in Fig. 1, gives point d. 
By finding a number of such points, the curve Bdd’ for power factor 
cos is obtained and the regulation at this power factor (expressed in 
100 XK a’d’ 
ac 
at power factor cos @ is thrown off at normal voltage c’ d’. 
Generally, the ohmic drop can be neglected, as it has very little 
influence on the regulation, except in very low-speed machines 
where the armature resistance is relatively high, or in some cases 


where regulation at unity power factor is being estimated. Forlow 
power factors, its effect is negligible in practically all cases. If 


per cent) is , Since a’ d’ is the rise in voltage when the load 
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resistance is neglected, the simpler e.m.f. diagram, Fig. 3, may be 
used to obtain points on the load saturation curve for the power 
factor under consideration. 

Method c. 

Where it is not possible to obtain by test a zero-power-factor sat- 
uration curve asin Method b, this curve can be estimated closely from 
open-circuit and short-circuit curves, by reference to tests at zero 
power factor on other machines of similar magnetic circuit. Having 
obtained the estimated zero-power-factor curve, the load satura- 
tion for any other power factor is obtained as in method b. 

Thus Method cis the same as Method b; except that the zero-power- 
factor curve must be estimated. This may be done as follows. In 
Fig. 4, OA is the open-circuit saturation curve and OE the short-cir- 
cuit line as shown by test. The zero-power-factor curve corresponding 
to any givencurrentBF will start from point B,and formachines design- 
ed with low saturation and low reactance, will follow parallel toOA,as 
shown by the dotted curve BD, which is OA shifted horizontally par- 
allel to itself by the distance OB. In high-speed machines, or in others 
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having low reactance and a low degree of saturation in the magnetic 
circuit, the zero-power-factor curve will lie quite close to BD, particu- 
larly in those parts that are used for determining the regulation. This 
is the case with many turbo-generators and high-speed water-wheel 
generators. In many cases, however, the zero-power-factor curve 
will deviate from BD, as shown by BC, and the deviation will be 
most pronounced in machines of high reactance, high saturation, 
and large magnetic leakage. The position of the actual curve BC 
with relation to BD, can be approximated with sufficient exactness 
by investigating the corresponding relation as obtained by test at zero 
power factor on machines of similar characteristics and magnetic 
circuit. Or curve BC can be calculated by methods based on the 
results of tests at zero power factor. After BC has been obtained, 
the saturation curve and regulation for any other power factor can 
be derived as in Method (b). 


TERMINAL VOLTAGE 


Short Circult Current 


0 B FIELD EXCITATION 
Fic. 4 


Tests and Computation of Regulation for Constant-Potential 
Transformers. 

The regulation can be determined by loading the transformer 
and measuring the change in voltage with change in load, at the speci- 
fied power factor. This method is not generally applicable for shop 
tests, particularly on large transformers. 

The regulation for any specified load and power factor can be 
computed from the measured impedance watts and impedance volts, 
as follows: 


ets 
P = impedance watts, as measured in the short-circuit test at 
Thay C- 
E, = impedance volts, as measured in the short-circuit test. 


IX = Reactance Drop in Volts. 
Rated Primary Current. 
= Rated Primary Voltage. 


BT 
lh 
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Orn = percent drop in phase with current. 
qx = percent drop in quadrature with current. 
RETIN. 5 
IX = VA E?Z— (+) 
ve 
= 100-——— 
qr 00 EI 
IX , 
588 Then— 


1. For unity power factor, we have approximately :- 


q?x 


200 


Per cent regulation = g, + 


589 2. For inductive loads of power-factor m and reactive-factor n, 
; mx — NQy)? 
Per cent regulation = mgy + ngz + Sai a 


TRANSFORMER CONNECTIONS 


SINGLE-PHASE TRANSFORMERS 
600 Marking of Leads. 
The leads of single-phase transformers shall be distinguished 
from each other by marking the high-voltage leads with the letters 
A and B, and the low-voltage leads with the letters Xand Y. They 
shall be so marked that the potential difference between A and B 
shall have the same direction at any instant as the potential dif- 
ference between X and Y. 
In accordance with the above rule, the terminals of single-phase 
transformers shall be marked as follows: 
601 (1) High- and Low-Voltage Windings in Phase: 
A B 
x Ve 


602 (2) High- and Low-Voltage Windings 180 deg. Apart in Phase: 


A 
Vv 


B 
xX 


603 To operate transformers thus marked in parrallel,it is only neces- 
sary to connect similarly marked terminals together, (provided 
that the reactances and resistances of the transformers are such 
as to permit of parallel operation). 

604 Single-Phase Transformers with More Than Two Windings. 

Transformers possessing three or more windings (each being 
provided with separate out-going leads), sha'l have the leads con- 


605 
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nected to two of their windings, lettered in accordance with the 
preceding paragraph. The remaining leads shall be distinguished 
from the others by a subscript. For example, transformers possess- 
ing four secondary leads connected to two distinct similar wind- 
ings for multiple-series operation, shall be lettered as follows: 


A B 
ees) 


This indicates that the low-voltage winding consists of two dis- 
connected parts, one part having terminals XY and the other part 
having terminals X1¥,. For multiple connection, X and X, are 
connected together and Y and fy are connected together. For 
series connection, Y is connected to X}. 

Neutral Lead : 

An out-going 50 per cent. (neutral) tap lead should be lettered N. 


Internal Connections é 

The manufacturer shall furnish a complete diagrammatic sketch 
of internal connections, and all taps and terminals of the transformer 
shall be marked to correspond with numbers or letters in the sketch. 


THREE-PHASE TRANSFORMERS 


Three-phase transformers ordinarily have three or four leads for 
high-voltage, and three or four leads for low-voltage windings. To 
distinguish the various leads from each other, and also to distinguish 
between the various phase relations obtainable, the three high-vol- 
tage leads should be lettered ABC and the three low-voltage leads 
XYZ. In addition, it should be distinctly stated in which of the 
three groups given in the following diagram the transformer 
belongs. 


GROUP I 
Angular 
Disp ed heats 


GROUP IT 
Angular 


Displacement 
180° 


GROUP IZ 
Angular 
Displacement 
KO 
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608 The rules given above Jor single-phase transformers in regard to 
the neutral tap, (See §605) and also in regard to internal connec- 
tions, (See §600 to §604) are applicable to three-phase transformers. 


609 Angular Displacement. 

The angular displacement between high- and low-voltage windings, 
is the angle in the diagram in §607, between the lines passing 
from the neutral point through A and X respectively. Thus, in 

. Group 1, the angular displacement is zero degrees. In Group 2, the 
angular displacement is 180°, and in Group 3 the angular displace- 
ment is 30°. 

610 Parallel Operation of Three-Phase Transformers. 

Three-phase transformers, lettered in accordance with the above 
rules, will operate correctly in parallel, if at their rated loads, their 
percentage resistance drops are equal, and their percentage reactance 
drops, are equal. It is furthermore necessary that the angular 
displacements between high-voltage and low-voltage windings shall 
be equal, z.e. that the transformers shall belong to the same group 
in the diagram in §607. It is then only necessary to connect 
together similarly marked leads. y 


INFORMATION ON THE RATING PLATE OF A MACHINE 


620 It is recommended that the rating plate of machines which 
comply with the Institute rules shall carry a distinctive special 
sign, such as “ A.I.E.E. 1915 Rating” or “A15” Rating. 


621 The absence of any statement to the contrary on the rating plate 
of a machine implies that it is intended for continuous service and for 
the standard altitude and ambient temperature of reference. See 
§§287, 305, 308 and 309. 


622 The rating plate of a machine intended to work under various 
kinds of rating must carry the necessary information in regard to 
those kinds of ratings. 


623 The rating plate, in addition to the name of the manufacturer 
and the serial number, should give the following information.* 


624 Generator, Direct-Current. 
Shunt, series, or compound. 
Output, in kw., with statement as to the kind of rating. 
Terminal pressure, in volts. 
Current, in amperes. 
Speed, in revolutions per minute. 


625 Motor, Direct-Current. 
Shunt, series, or compound. 
Output, in kw., with statement as to the kind of rating. 
Terminal pressure, in volts. 
Current, approximate, in amperes. 
Speed, in revolutions per minute, 


*Information, for which space on the rating plate cannot be provided, shall be 
furnished on a supplementary rating certificate. 


ieee. 
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626 Transformer. 
Frequency, in cycles per second. 
Number of phases. 
Output at the secondary terminals in kv-a., with statement as to 
the kind of rating. 
High pressure, in volts. 
Low pressure, in volts. See §§202, 203 and 204. 
Lead markings and diagram of internal connections, as set forth in 
§600 to 609. 
627 Alternator. 
Frequency, in cycles per second. 
Number of poles. 
Number of phases. 
Output, in kv-a., with statement as to the kind of rating. 
Power-factor corresponding to rated output. 
Pressure between terminals, in volts, corresponding to the rated 
output. 
Current in amperes. 
Speed in revolutions per minute. 


628 Synchronous Motor. 

Frequency, in cycles per second. 

Number of poles. 

Number of phases. 

Mechanical output, in kw., with statement as to the kind of rating. 

Pressure between terminals, in volts, corresponding to the rated 
output. 

Current in amperes. 

If the motor is intended to work with a power factor different 
from unity, the necessary information shall be given. 

Speed, in revolutions per minute. 


629 Synchronous Converter. 
Frequency in cycles per second. 
Number of poles. 
Number of phases. 
Output at commutator in kilowatts, with statement as to 

kind of rating. 

D-c. terminal pressure in volts. 
Current from commutator in amperes. 
Speed in revolutions per minute. 

630 Induction Motor. 
Frequency, in cycles per second. 
Number of poles. 


Number of phases. 
Mechanical output, in kw., with statement as to the kind of rating. 


Pressure between terminals, in volts. 


Current, in amperes. 
Speed, in revolutions per minute, at rated output. 
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STANDARDS FOR WIRES AND CABLES 


TERMINOLOGY* 
635 Wire.—A slender rod or filament of drawn metal. 


The definition restricts the term to what would ordinarily be under- 
stood by the term “ solid wire.’’ In the definition, the word “ slender’ 
is used in the sense that the length is great in comparison with the 
diameter. Ifa wireis covered with insulation, it is properly called an in- 
sulated wire; while primarily the term ‘‘ wire’ refers to the metal, never- 
theless when the context shows that the wire is insulated, the term ‘‘wire "' 
will be understood to include the insulation. 


636 Conductor.—A wire or combination of wires not insulated from 
one another, suitable for carrying a single electric current. 


The term ‘‘ conductor” is not to include a combination of conductors 
insulated from one another, which would be suitable for carrying several 
different electric currents. 

Rolled conductors (such as busbars) are, of course, conductors, but are 
not considered under the terminology here given. 


6387 Stranded Conductor.—A conductor composed of a group of 
wires, or of any combination of groups of wires. 


The wires in a stranded conductor are usually twisted or braided to- 
gether. 


638 Cable.—(1) A stranded conductor (single-conductor cable); or 
(2) a combination of conductors insulated from one 
another (multiple-conductor cable). 


The component conductors of the second kind of cable may be either 
solid or stranded, and this kind of cable may or may not have a common 
insulating covering. The first kind of cable is a single conductor, while the 
second kind is a group of several conductors. The term ‘‘ cable’ is applied 
by some manufacturers to a solid wire heavily insulated and lead-covered; 
this usage arises from the manner of the insulation, but such a conductor 
is not included under this definition of ‘‘ cable." The term ‘‘cable”’ is 
a general one, and, in practise, it is usually applied only to the larger sizes. 
A small cable is called a ‘* stranded wire "’ or a ‘‘ cord,”” both of which are 
defined below. Cables may be bare or insulated, and the latter may be ar- 
mored with lead, or with steel wires or bands. 


639 Strand.—One of the wires, or groups of wires, of any stranded 
conductor. 


640 Stranded Wire.—A group of small wires, used as a single wire. 


A wire has been defined as a slender rod or filament of drawn metal. 
If such a filament is subdivided into several smaller filaments or strands, 
and is used as a single wire, it is called a ‘‘ stranded wire.’ There is no 
sharp dividing line of size between a “stranded wire” and a ‘‘ cable." 
If used as a wire, for example in winding inductance coils or magnets, it is 
called a stranded wire and not a cable. If it is substantially insulated, it 
is called a “‘ cord,’ defined below. 


*From Circular No. 37 of the Bureau of Standards. 
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Cord.—A small and very flexible cable, substantially insulated 
to withstand wear. 


There is no sharp dividing line in respect to size between a ‘‘cord"’ 
and a ‘‘ cable,” and likewise no sharp dividing line in respect to the character 
of insulation between a ‘“cord’’ and a “ stranded wire.” Rubber is 
used as the insulating material for many classes of cords. 

Concentric Strand—A strand composed of a central core 
surrounded by one or more layers of helically-laid wires or groups of 
wires. 


Concentric-Lay Cable.—A single-conductor cable composed of a 
central core surrounded by one or more layers of helically-laid wires. 


Rope-Lay Cable.—A single-conductor cable composed of a 
central core surrounded by one or more layers of helically-laid 
groups of wires. 

This kind of cable differs from the preceding in that the main strands 
are themselves stranded. 

N-Conductor Cable-—A combination of N conductors insu- 
lated from one another. 

It is not intended that the name as here given be actually used. One 
would instead speak of a: ‘‘ 3-conductor cable,’’ a ‘‘ 12-conductor cable”’ 
etc. In referring to the general case, one may speak of a ‘‘ multiple-con- 
ductor cable’ (as in definition §638 above.) 

N-Conductor Concentric Cable—A cable composed of an 
insulated central conducting core with (N —1) tubular stranded con- 
ductors laid over it concentrically and separated by layers of in- 


sulation. 
This kind of cable usually has only two or three conductors. Such 
cables are used for carrying alternating currents. The remark on the 
expression ‘‘N-conductor”’ given for the preceding definition applies here also. 


Duplex Cable.—Two insulated single-conductor cables, twisted 
together. 
They may or may not have a common insulating covering. 
Twin Cable.—Two insulated single-conductor cables laid paral- 
lel, having a common covering. 


Triplex Cable—Three insulated  single-conductor cables 
twisted together. 
They may or may not have a common insulating covering. 
Twisted Pair—Two small insulated conductors, twisted to- 


gether, without a common covering. 


The two conductors of a “twisted pair’’ are usually substantially in- 
sulated, so that the combination is a special case of a ‘‘ cord.” 


Twin Wire.—Two small insulated conductors laid parallel, 
having a common covering. 


SPECIFICATION OF SIZES OF CONDUCTORS 


The sizes of solid wires shall be stated by their diameter in mils, the 
American Wire Gage (Brown and Sharpe) sizes being taken as stand- 
ard. The sizes of stranded conductors shall be stated by their cross- 
sectional areain circular mils. For brevity, in cases where the most 
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655 


careful specification is not required, the sizes of solid wires may be 
stated by the gage number in the American Wire Gage, and the sizes of 
stranded conductors smaller than 250,000 circular mils (1.¢., No. 0000 
A.W.G. or smaller) may likewise be stated by means of the gage 
number in the American Wire Gage of a solid wire having the 
same cross-sectional area. Futhermore, an exception is made in the 
case of ‘‘ Flexible Stranded Conductors,’ for which see $655 below. 
In stating large cross-sections, it is sometimes convenient to use 
a circular inch (507 sq. mm.) instead of 1,000,000 circular mils. 


STRANDING 


Cables not requiring special flexibility shall be stranded in ac- 
cordance with the following table. 


TABLE XII 
Standard Stranding of Concentric-Lay Cables 


Number of Wires. 
SIZE A B Cc 
Bare Cables for Weatherproof Cables Insulated 

(See Note 1.) AERIAL USE* for AERIAL USE* Cables 
2.0 Cir. Inches 91 91 127 
1.5 61 61 91 
1.0 61 61 61 
0.6 37 37 61 
0.5 37 37 37 
0.4 19 19 37 
0000 A. W.G. 7 19 19 
00 7 7 19 

2 (See Note 2) (See Note 2) 2 

9 (See Note 2) (See Note 2) (See Note 2) 


(1) For intermediate sizes, use stranding for next larger size. 
(2) Solid Wire is recommended, 


*Tentatively adopted pending ratification by other societies interested. 


Sectional Area of Cables. The cross-sectional area of a 
cable shall be considered to be the sum of the cross-sectional areas of 
its component wires, when laid out straight and measured perpendicu- 
lar to their axes. 


Flexible Stranding. Conductors of special flexibility should 
ordinarily be made with wires of regular A.W.G. sizes, the number of 
wires and size being given. The approximate gage number or ap- 
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proximate circular mils of such flexible stranded conductors may be 
stated. The following stranding table is suggested. 


TABLE XIII 
Proposed Standard Stranding of Flexible Cables* 
Nearest Size of Each Make-up 
A. W. G. Size Circular Number of Wire (See Note 2) 
(See Note 1) Mils Wires A.W. G. 
- 1,102,941 427 16 61x7 
- 874,496 427 17 $ 
- 693,448 427 18 & 
- 549,976 427 19 cs 
- 436,394 427 20 s 
- 345,913 427 21 a 
= 274,390 427 22 a 
- 264,698 259 20 37x7 
0000 209,816 259 21 “ 
000 166,433 259 22 « 
00 135,926 133 20 19x7 
0 107,743 133 2A. f 
il 85,466 133 22 ¢ 
2 67,764 133 23 
3 53,732 133 24 Ls 
4 39,695 49 21 7x7 
5 31,487 49 22 & 
6 24,966 49 23 « 
if 19,796 49 24 ak 
8 15,700 49 25 Optional (See 
Note 3) 
9 12,451 49 26 & 
10 9,854 49 27 g 
11 7,830 49 28 & 
12 6,208 49 29 g 
Smaller To equal re- 30 Bunched 
quired size 
Note 1. The A. W. G. sizes are approximated within 5 per cent. 
Note 2. 61x7 signifies a rope-lay cable composed of 61 strands of 7 wires each. 
Note 3. Rope-lay or bunched. 


* This table is offered for consideration but will not be recommended for final 
adoption until ratified by other societies interested. The addition of another Table 
giving a further degree of flexibility is under consideration. The stranding of No. 4 
A. W. G. and smaller sizes, is particularly open for discussion. 


Correction for Lay. The resistance and mass of a stranded 
conductor are greater than in a solid conductor of the same cross- 
sectional area, depending on the lay (i.e., the pitch of the twist of the 
wires). Two per cent shall be taken as the standard increment of 
resistance and of mass. In cases where the lay is definitely known, 
the increment should be calculated and not assumed. 

The direction of lay is the lateral direction in which the strands 
of a cable run over the top of the cable as they recede from an ob- 
server looking along the axis of the cable. 
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CONDUCTIVITY OF COPPER. 


The following I. E. C. rules are adopted:* 

The following shall be taken as normal values for standard an- 
nealed copper: 

(1) At a temperature of 20°C., the resistance of a wire of 
standard annealed copper one meter in length and of a uniform 
section of 1 square millimeter is 1/58 ohm=0.017241....ohm. 

(2) At a temperature of 20°C., the density of standard annealed 
copper is 8.89 grams per cubic centimeter. 

(3) At a temperature of 20°C, the ‘‘constant mass’’ tem- 
perature coefficient of resistance of standard annealed copper, 
measured between two potential points rigidly fixed to the wire, is 
0.00393 = 1/254.45....per degree centigrade. 

(4) As a consequence, it follows from (1) and (2) that, at a tem- 
perature of 20 °C. the resistance of a wire of standard annealed 
copper of uniform section, one meter in length and weighing one 
gram,is (1/58) X 8.89 = 0.15328...... ohm.f§ 

Copper Wire Tables. The copper-wire Tables published by the 
Bureau of Standards in Circular No. 31 are adopted. These Tables 
are based upon the I. E. C. rules stated in §675. 


HEATING AND TEMPERATURE OF CABLES. 


Maximum Safe Limiting Temperatures. 

The maximum safe limiting temperature in degrees C. at the 
surface of the conductor in a cable shall be:— 

For impregnated paper insulation (85—E) 

“ varnished cambric (75—E) 
rubber insulation (60—0.25E) 
where E represents the r.m.s. operating e.m.f. in kilovolts be- 
tween conductors. 

Thus, at a working pressure of 3.3 kv., the maximum safe limit- 
ing temperature at the surface of the conductor, or conductors, in 
a cable would be:— 


For impregnated paper Silvia: 
“ varnished cambric ARTES S. 
“ rubber insulation 592°CS 


ELECTRICAL TESTS. 


Lengths Tested. Electrical tests of insulation on wires and 
cables shall be made on the entire lengths to be shipped. 


*See I. E. C. Publication No. 28 ‘“‘ International Standard of Resistance for Cop- 
per’ March 1914, 

TtParagraphs (1) and (4) of §675 define what are sometimes called ‘‘ volume re- 
sistivity,’’ and “ mass resistivity "’ respectively. This may be expressed in other 
units as follows:— volume resistivity = 1.7241 microhm-cm. (or microhms in a 
cm. cube) at 20 °C. = 0.67879 microhm-inch at 20 °C., and mass resistivity = 
875.20 ohms (mile, pound) at 20 °C. 

§For detailed specifications of commercial copper, see the ‘‘ Standard Specifica- 
tions’’ of the American Society for Testing Materials. 
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Immersion in Water. Electrical tests of insulated conductors not 
enclosed in a lead sheath, shall be made while immersed in water after 
an immersion of twelve (12) hours,if insulated with rubber compound, 
or if insulated with varnished cambric. It is not necessary to im- 
merse in water insulated conductors enclosed in a lead sheath. 

In multiple-conductor cables, without waterproof overall jacket 
of insulation, no immersion test should be made on finished cables, 
but only on the individual conductors before assembling. 


Dielectric-Strength Tests. Object of Tests. Dielectric tests 
are intended to detect weak spots in the insulation and to deter- 
mine whether the dielectric strength of the insulation is sufficient for 
enabling it to withstand the voltage to which it is likely to be sub- 
jected in service, with a suitable factor of assurance. 

The initially-applied voltage must not be greater than the work- 
ing voltage, and the rate of increase shall not be over 100 per cent 
in 10 seconds. 


Factor of Assurance. The factor of assurance of wire or cable 
insulation shall be the ratio of the voltage at which it is tested to that 
at which it is used. 


Test Voltage. The dielectric strength of wire and cable insula- 
tion shall be tested at the factory, by applying an alternating test 
voltage between the conductor and sheath or water. 


The Magnitude and Duration of the Test Voltage should depend 
upon the dielectric strength and thickness of the insulation, the 
length and diameter of the wire or cable, and the assurance factor 
required, the latter in turn depending upon» the importance of the 
service in which the wire or cable is employed. 


The following test voltages shall apply unless a departure is con- 
sidered necessary, in view of the above circumstances. Rubber 
covered wires or cable for voltages up to 7 kv. shall be tested in 
accordance with the National Electric Code. Standardization for 
higher voltages for rubber insulated cables is not considered possible 
at the present time. 

Varnished cambric and impregnated paper insulated wires or cables 
shall be tested at the place of manufacture for five (5) minutes in 
accordance with the Table XIV below. 


TABLE XIV 


Recommended Test Kilovolts Corresponding to Operating Kilovolts 


Operating kv. Test kv. Operating kv. Test kv. 
Below 0.5 Zeon OMe 14 
0.5 3 10 25 
1 4 15 3) 
2 6n5 20 44 
3 9 25 53 
4 (hd 


*The minimum thickness of insulation shallbe 1/16” (1-6 mm.) 
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Different engineers specify different thickness of insulation for 
the same working voltages. Therefore, at the present time the test 
kv. corresponding to working kv. given in Table XIV are based 
on the minimum thickness of insulation specified by engineers 
and operating companies. 


The Frequency of the Test Voltage shall not exceed 100 cycles per 
second, and should approximate as closely as possible to a sine wave. 
The source of energy should be of ample capacity. 


Where Ultimate Break-Down Tests are required, these shall be 
made on samples not more than 6 meters (20 ft.) long. The maximum 
allowable temperature at which the test is made for the particular 
type of insulation and the particular working pressure, shall not be 
greater than the temperature limits given in § 677. 

Multiple-Conductor Cables. Each conductor of a multiple-con- 
ductor cable shall be tested against the other conductors con 


nected together with the sheath or water. 


INSULATION RESISTANCE 


Definition. The insulation resistance of an insulated conductor 
is the electrical resistance offered by its insulation, to an impressed 
voltage tending to produce a leakage of current through the same. 


Insulation Resistance shall be expressed in megohms for a speci- 
fied length (as for a kilometer, or a mile, or one thousand feet), and 
shall be corrected to a temperature of 15.5°C. using a tempera- 
ture coefficient determined experimentally for the insulation under 
consideration. ; 


Linear Insulation Resistance, or the insulation resistance of Unit 
Length, shall be expressed in terms of the megohm-kilometer, or 
the megohm-mile, or the megohm-thousand-feet. 


Megohms Constant. The Megohms Constant of an insulated 
conductor shall be the factor ‘' K " in the equation 


Tye SS IKE logio 


where R = The insulation resistance, in megohms, for a specified 
unit length. 

D = Outside diameter of insulation. 

d = Diameter of conductor. 
Unless otherwise stated, K will be assumed to correspond to the mile 
unit of length. 


Test. The apparent insulation resistance should be measured 
after the dielectric-strength test, measuring the leakage current 
after a one-minute electrification, with a continuous e.m.f. of from 
100 to 500 volts, the conductor being maintained positive to the 
sheath or water. 


+The Standards Committee does not commit itself to the Principle of basing 
test voltages on working voltages, but it is not yet in possession of sufficient data 
to base them upon the dimensions and physical properties of the insulation. 
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Multiple-Conductor Cables. The insulation resistance of each 
conductor of a multiple-conductor cable shall be the insulation re- 
sistance measured from such conductor to all the other conductors in 
multiple with the sheath or water. 


CAPACITANCE OR ELECTROSTATIC CAPACITY 


Capacitance is ordinarily expressed in microfarads. Linear Ca- 
pacitance, or Capacitance per unit length, shall be expressed in 
Microfarads per unit length (kilometer, or mile, or one thousand feet) 
and shall be corrected to a temperature of 15.5°C. 


Microfarads Constant. The Microfarads Constant of an insu- 
lated conductor shall be the factor ‘' K ’’ in the equation 


K 
C= 


Logio 


where C = the capacitance in microfarads per unit length. 

D = the outside diameter of insulation. 

d = the diameter of conductor. 

Unless otherwise stated, K will be assumed to refer to the mile 
unit of length. 


Measurement of Capacitance. The Capacitance of low-voltage 
cable, “shall be measured by comparison with a _ standard 
condenser. For long lengths of high-voltage cables, where it is 
necessary to know the true capacitance, the measurement should be 
made at a frequency approximating the frequency of operation. 

Paired Cables. The capacitance shall be measured between the 
two conductors of any pair, the other wires being connected to the 
sheath or ground. 

Electric Light and Power Cables. The capacitance of low- 
voltage cables is generally of but littleimportance. The capacitance 
of high-voltage cables should be measured between the conduc- 
tors, and also between each conductor and the other conductors 
connected to the lead sheath or ground. 

Multiple-Conductor Cables (not paired). The capacitance of 
each conductor of a multiple-conductor cable shall be the capacitance 
measured from such conductor to all of the other conductors in mul 
tiple with the sheath or the ground. 
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STANDARDS FOR SWITCHES AND OTHER CIRCUIT- 
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CONTROL APPARATUS* 


SWITCHES 


The following Rules apply to Switches of above 600 volts. (For 
600 volts and below, see National Electric Code.f) 

Definition. A switch is a device for making, breaking, or 
changing connections in an electric circuit. 

Rating. 

(a) By amperes to be carried with not more than 30 °C. rise 

on contacts and current-carrying parts. 

(b) By normal voltage of circuit on which it may be used. 

Performance and Tests. 

(a) Heating Test with rated current applied continuously until 
temperature is constant; ambient temperature 40 °C. 

(b) Dielectric Test at 24 times rated voltage plus 2000. See 

§509. 


CIRCUIT BREAKERS : 

Definition. A device designed to open a current-carrying circuit 
without injury to itself. A circuit breakert may be: 

(a) An automatic circuit-breaker, which is designed to trip 
automatically under any predetermined condition of the circuit, 
such as an underload or overload of current or voltage. 

(b) A manually tripped circuit-breaker, which is designed to be 
tripped by hand. 

Both types of operation may be combined in one and the same 
device. 

Rating. 

(a) By normal current-carrying capacity. 

(b) By normal voltage. 

(c) By amperes which it can interrupt at normal voltage of the 
circuit. 

Performance and Tests. The heating test shall be made with 
normal current. In oil circuit breakers the same oil must be used 
for heating tests as for rupturing tests. The rise of temperature at 
the contacts shall not exceed 30°C. The Rise on tripping solenoids 


and accessory parts not to exceed 50 °C. Ambient temperature of 
reference, 40 °C. 


eT aL. PnNES GUL Le: eee 

*These rules donot apply to magnetically-operated or air-operated switches 
used for motor control, 

tBy the term ‘“‘ Code” is meant ‘‘ National Electrical Code" 
the National Fire Protection Association. 

}These rules refer only to circuit breakers of above 550 volts. 
below, see the National Electric Code, 


as recommended by 


For 550 volts and 
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Dielectric Test. Same as §723. 


Rupturing Test must be made with the current specified under 
§725 (c), and at normal voltage. 

Nore. Although circuit breakers should be considered as de- 
vices alone, no account being taken, in the rating, of the system on 
which they are to be used: yet in applying circuit breakers to any 
given service, it may be necessary to take into account the system 
on which they are to be used, with all its characteristics. 

Allowances must be made for the reactance, resistance, etc., of 
the circuit to be controlled, as these have a direct bearing on the 
maximum current flow. 

In some systems it has been found that the pressure rises so high 
during switching, that higher insulation tests than that specified 
in §723 should be given. 


FUSES 


(For circuits up to and including 600 volts, see National Electric 
Code) 


Definition. A fuse is an element designed to melt or dissipate at 
a predetermined current value, and intended to protect against ab- 
normal conditions of current. 

Nots. (The terminals, tubes, etc. which go with the fuse proper 
are included in the definition). 

Rating. Fuses shall be rated at the maximum current which 
they are required to carry continuously, and at the normal 
voltage of the circuit on which they are designed to be used. 

Fuses may be divided into two classes: 

(1) Those designed to protect the circuit and apparatus both against 
short circuit and against definite amounts of overload (e.g. fuses of the 
National Electric Code which open on 25 per cent overload). 

(2) Those designed to protect the system only against short 
circuits; (e.g. expulsion fuses, which blow at several times the cur- 
rent which they are designed to carry continuously). The line 
separating these two classes is not definitely fixed. 

Temperature. Coils or windings (such as accompany fuses 
of the magnetic blow-out type) should not exceed the limits set for 
machine coils having the same character of insulation. (See §§376 
to 879)... The highest temperature for the fuse proper should 
not exceed the safe limit for the material employed (e.g. the temper- 
ature of the fibre tube of an enclosed fuse should not exceed the 
safe limit for this material, but an open-link metal fuse may be run 
at any temperature which will not injure the fuse material; except 
that no application of the above rule shall contravene the Nation- 
al Electric Code). 

Test. For fuses intended for use on circuits of small capacity, 


or in protected positions on systems of large capacity, see Nation- 


Note. Complete standardization of these fuses above 600 volts, according to the 
method of the National Electric Code, is not advisable at this time, but is expected 
to be accomplished by an eventual extension of the National Electric Code. Until 

such extension is made, the following definitions and ratings may be followed. 
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al Electric Code. For large power fuses intended for service similar 
to that required of circuit breakers, see §724 to 728, or the Nation- 
al Electric Code, as far as the latter applies. 


LIGHTNING ARRESTERS 


Definition. A lightning arrester is a device for protecting circuits 
and apparatus against lightning or other abnormal potential rises of 
short duration. 


Rating. Arresters shall be rated by the voltage of the circuit on 
which they are to be used 

Lightning arresters may be divided into two classes: 

(a) Those intended to discharge for a very short time. 

(b) Those intended to discharge for a period of several minutes. 


Performance and Tests. Dielectric Test same as §723. 

The resistance of the arrester at double potential and also at 
normal potential, shall be determined by observing the discharge 
currents through the arrester. 

(c) In the case of any arrester using a gap, a test shall be made 
of the spark potential on either direct-current or 60-cycle a-c. ex- 
citation. 

(d) The equivalent sphere gap under disruptive discharge shall 
also be measured, using a considerable quantity of electricity. 

(e) The endurance of the arrester to continuous surges shall 
be tested. 


PROTECTIVE REACTORS 


Definition. A reactor (See §82 and 214) is a device for protecting 
circuits by limiting the current flow and localizing the disturbance 
under short-circuit conditions. 

Rating. 

(a) In kilovolt-amperes absorbed by normal current. 

(b) By the normal current, frequency and line (delta) voltage 
for which the reactor is designed. 

(c) By the current which the device is required to stand under 
short-circuit conditions. 

Performance and Tests. 

The Heat Test shall be made with normal current and 
frequency applied until the temperature is constant. The tem- 
perature should not exceed the safe limits for the materials em- 
ployed. See §§376 to 379. 

Dielectric Test. 24 times line voltage plus 2000, for one minute, 
from conductor to ground, 

Note. The reactor shall be so designed as to be capable of 
withstanding, without mechanical injury, rated current at normal 
frequency, suddenly applied. 


RESISTOR OR RHEOSTAT 


Definition. Any device heretofore commonly known asaresistance, 
used for operation or control. (§81) See National Electric Code. 
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INSTRUMENT TRANSFORMERS 


Definition. An instrument transformer is a transformer for use 
with measuring instruments, in which the conditions in the primary 
circuit as to current and voltage are represented with high nu- 
merical accuracy in the secondary circuit. 

Under this heading and for more general use: 


(a) A current transformer is a transformer designed for series 
connection in its primary circuit with the ratio of transformation 
appearing as a ratio of currents. 


(b) A potential (voltage) transformer is a transformer designed 
for shunt or parallel connection in its primary circuit, with the ratio of 
transformation appearing as a ratio of potential differences (voltages). 

For further definitions relative to instrument transformers, see 

205-207. 

For the dielectric test of potential transformers, see §500, and 
for the dielectric test of current transformers, see §509. 

Further standards concerning instrument transformers are still 
under discussion. 
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STANDARDS FOR ELECTRIC RAILWAYS 
DEFINITIONS 


760 Transmission System: When the current generated for an 


electric railway is changed in kind or voltage, between the gen- 
erator and the cars or locomotives, that portion of the conductor 
system carrying current of a kind or voltage substantially different 
from that received by the cars or locomotives, constitutes the trans- 
mission system.* 


761 Distribution System: That portion of the conductor system 


of an electric railway which carries current of the kind and 
voltage received by the cars or locomotives, constitutes the distri- 
bution system.* 


762 Substation: A substation is a group of apparatus or ma- 


chinery which receives current from a transmission system, changes 
its kind or voltage, and delivers it to a distribution system. 


RATING OF RAILWAY SUBSTATION MACHINERY 


763 Continuous Rating. The rating of a substation machine shall 


764 


765 


766 


be the kv-a. output at a stated power factor input, which it will 
deliver continuously with temperatures or temperature rises not 
exceeding the limiting values given in Sections 376 and 379 and also 
fulfilling the other requirements set forth in these rules and sum- 
marized in Section 260. 


Momentary Loads. These machines should be capable of carrying 
a load of twice their rating for one minute, after a continuous run at 
rated load, without disqualifying them for continuous service. 

Nominal Rating. Where the continuous rating is inconvenient, 
the following nominal rating may be used. The nominal rating of a 
substation machine shall be the kv-a. output at a stated power factor 
input, which, having produced a constant temperature in the machine 
may be increased 50 per cent for two hours, without producing 
temperatures or temperature rises exceeding by more than 5°C. the 


limiting values given in §376 and 379. These machines should be. 


capable of carrying a load of twice their nominal rating for a period 
of one minute, without disqualifying them for continuous service, 
The name plate should be marked “ nominal rating.”’ 


CONDUCTOR AND RAIL SYSTEMS. 


Contact Conductors. That part of the distribution system other 
than the traffic rails, which is in immediate electrical contact with 


*These definitions are identical in sense, although not in words, with those 


of the Interstate Commerce Commission, as given in their Classification of Accounts 
for Electric Railways. 
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the circuits of the cars or locomotives, constitutes the. contact 
conductors. 


Contact Rail: A rigid contact conductor. 

OVERHEAD Contact Rart: A contact rail above the elevation 
of the maximum equipment line.f 

Tuirp Ratt: A contact conductor placed at either side of the 
track, the contact surface of which is a few inches above the level 
of the top of the track rails. 

CENTER Contact Rat: A contact conductor placed between the 
track rails, having its contact surface above the ground level. 

UNDERGROUND Contact RaiL: A contact conductor placed 
beneath the ground level. 

GaGeE or THIRD Ratt: The distance, measured parallel to the 
plane of running rails, between the gage line of the nearer track rail 
and the inside gage line of the contact surface of the third rail. 

ELEVATION OF THIRD RAIL: The elevation of the contact-surface 
of the third rail, with respect to the plane of the tops of running 
rails. : 

STANDARD GAGE oF THIRD Rais: The gage of third rails shall 
be not less than 26 inches (66 cm.) and not more than 27 inches (68.6 
cm.). : 

STANDARD ELEVATION OF THIRD Rats: The elevation of third 
rails shall be not less than 2? inches (70 mm.), and not more than 
34 inches (89 mm.). 

Turrp Rat Protection: A guard for the purpose of preventing 
accidental contact with the third rail. 

Trolley Wire: A flexible contact conductor, customarily sup- 
ported above the cars. 

Messenger Wire or Cable: A wire or cable running along with 
and supporting other wires, cables or contact conductors. 

A primary messenger is directly attached to the supporting system. 
A secondary messenger is intermediate between a primary messenger 
and the wires, cables or contact conductors, 

Classes of Construction: Overhead trolley construction will be 
classed as Direct Suspension and Messenger or Catenary Suspension. 

Drrect Suspension: All forms of overhead trolley construction 
in which the trolley wires are attached, by insulating devices, directly 
to the main supporting system. 

MESSENGER OR CATENARY SUSPENSION: All forms of overhead 
trolley construction.in which the trolley wires are attached, by suit- 
able devices, to one or more messenger cables, which in tufn may be 
carried either in Simple Catenary, 1.e., by primary messengers, Or in 
Compound Catenary, 1.e., by secondary messengers. 

SuppoRTING SYSTEMS shall be classed as follows: 


SIMPLE CRoSS-SPAN SYSTEMS: Those systems having at each sup- 
porta single flexible span across the track or tracks. 


{The contour which embraces cross-sections of all rolling stock under all normal 
operating conditions. 
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MESSENGER Cross-SPAN SySTEMS: Those systems having at each 
support two or more flexible spans across the track or tracks, the upper 
span carrying part or all of the vertical load of the lower span. 


BRACKET SysTEMS: Those systems having at each support an 
arm or similar rigid member, supported at only one side of the track 
or tracks. 


BRIDGE SysTEMs: Those systems having at each support a rigid 
member, supported at both sides of the track or tracks. 


STANDARD HEIGHT OF TROLLEY WIRE ON STREET AND INTERURBAN 
RatLways: It is recommended that supporting structures shall be 
of such height that the lowest point of the trolley wire shall be at a 
height of 18 feet (5.5m.) above the top of rail under conditions of 
maximum sag, unless local conditions prevent. On trackage opera- 
ting electric and steam road equipment and at crossings over steam 
roads, it is recommended that the trolley wire shall be not less 
than 21 feet (6.4m.) above the top of rail, under conditions of max- 
imum sag. 


RAILWAY MOTORS 


RATING 


Nominal Rating: The nominal rating of a railway motor 
shall be the mechanical output at the car or locomotive axle, measured 
in kilowatts, which causes a rise of temperature above the surrounding 
air, by thermometer, not exceeding 90 °C. at the commutator, 
and 75 °C. at any other normally accessible part after one hour’s 
continuous run at its rated voltage (and frequency in the case of an 
alternating-current motor) on a stand with the motor covers ar- 
ranged to secure maximum ventilation without external blower. 


The rise in temperature as measured by resistance, shall not exceed 
WOO 


The statement of the nominal tating shall also include the corres- 
ponding voltage and armature speed, 


Continuous Rating: The continuous ratings of a railway 
motor shall be the inputs in amperes at which it may be operated 
continuously at 3, 3 and full voltage respectively, without ex- 
ceeding the specified temperature rises (see §805), when operated on 
stand test with motor covers and cooling system, if any, arranged asin 
service. Inasmuchas the same motor may be operated under different 


*This definition differs from that in the 1911 edition of the Rules, Principally by 
the substitution of a kilowatt rating for the horse-power rating and the omission of a 
reference to a room temperature of 25 °C. The horse-power rating of a railway 
motor may, for practical Purposes, be taken as + of the kilowatt rating. On account 


it is recommended that, for the Present, the capacity be expressed both in kilowatts 
and in horse-power, a double tating, namely, 
kw. —approx. equiv. h.p,——_-_______ 


In order to lay stress upon the preferred future basis, it is desirable that on rating 
plates, the rating in kilowatts shall be shown in larger and more Prominent characters 
than the capacity in horse power, 
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define the system of ventilation which is used. In case motors are 


cooled by external blowers, the flow of air on which the rating is 
based shall be given. 


803 Maximum Input. The subject of momentary loads for railway 
motors is under investigation. 


TEMPERATURE LIMITATIONS 
804 The allowable temperature in any part of a motor in service will be 
governed by the kind of material with which that part is insulated. 
In view of space limitations, and the cost of carrying dead weight 
on cars, it is considered good practice to operate railway motors 
for short periods at higher temperatures than would be advisable 
in stationary motors. The following temperatures are permissible: 


TABLE XV 
Operating Temperatures of Railway Motors 


! 
| Maximum Observable 
Class | Temperature of windings 
| when in continuous service. 
of 
Material |- 
| By By 
See §376 | Thermometer] Resistance 
to 379. | See §345 
A 85 110 
B | 100 130 
| 


For infrequent occasions, due to extreme ambient temperatures, 
it is permissible to operate at 15° higher temperature. 

805 With a view to not exceeding the above temperature limitations, 
the continuous ratings shall be based upon the temperature rises 
tabulated below: 

TABLE XVI 
Stand-Test Temperature Rises of Railway Motors* 


Temperature Rises 
of windings 


Class —— 
of 
Material By By 
ee ters Thermo- Resis- 
See §376 meter tance 


to 379 See §345 


A 65 85 


B 80 105 


*The temperature rise in service may be very different from that on stand test. 
See §1104 for relation between stand test and service temperatures, as affected by 


ventilation. 


/ 
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Field-Control Motors. The nominal and continuous ratings of field- 
control motors shall relate to their performance with the operating 
field which gives the maximum motor rating. Each section of the 
field windings shall be adequate to perform the service required of it, 
without exceeding the specified temperature rises. 


CHARACTERISTIC CURVES 


The Characteristic Curves of railway motors shall be plotted with 
the current as abscissas and the tractive effort, speed and efficiency 
as ordinates. In the case of a-c. motors, the power factor shall 
also be plotted as ordinates. 


Characteristic curves of direct-current motors shall be based 
upon full voltage, which shall be taken as 600 volts, ora multiple 
thereof. 


In the case of field-control motors, characteristic curves shall be 
given for all operating field connections. 


EFFICIENCY AND LOSSES 


The efficiency of railway motors shall be deduced from a 
determination of the losses enumerated in §816 to 820. (See also 
§ 1100 and 1101.) 


The copper loss shall be determined from resistance measurements 
corrected to 75° C. 


The no-load core loss, brush friction, armature-bearing friction 
and windage shall be determined as a total under the following 
conditions: 


In making the test, the motor shall be run without gears. 
The kind of brushes and the brush pressure shall be the 
same as in commercial service. With the field separately ex- 
cited, such a voltage shall be applied to the armature terminals as 
will give the same speed for any given field current as is obtained 
with that field current when operating at normal voltage under load. 
The sum of the losses above-mentioned, is equal to the product of 
the counter-electromotive force and the armature current. 


The core loss in d-c. motors shall be separated from the friction 
and windage losses above described by measuring the power required 
to drive the motor at any given speed without gears, by running it 
as a series motor on low voltage and deducting this loss from the 


sum of the no-load losses at corresponding speed. (See §1101 for 
alternative method). 


The friction and windage losses under load shall be assumed to 
be the same as without load, at the same speed. 


The core loss under load shall be assumed as follows: 
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TABLE XVII 
Core Loss in D. C. Railway Motors at Various Loads. 

Per cent of Input Loss as Per cent of 
at Nominal Rating No-load Core Loss 

200 165 

150 145 

100 130 

75 125 

50 123 

25 and under 122 


Note:—With motors designed for field control the core losses shall be assumed as the 
same for both full and permanent field. It shall be the mean between the no-load losses 
at full and permanent field, increased by the percentages given in the above Table. 


819 The brush-contact resistance loss to be used in determining the 
efficiency, may be obtained by assuming that the sum of the drops at 
the contact surfaces of the positive and negative brushes is three 
volts. 


820 The lossesin gearing and axle bearings for single-reduction single- 
geared motors, varies with type, mechanical finish, age and lubrication . 
The following values, based on accumulated tests, shall be used 
in the comparison of single-reduction single-geared motors. 


TABLE XVIII 
Losses in Axle Bearings and Single-Reduction Gearing of Railway Motors. 


Per Cent of Input Losses as 
at Nominal Rating Per Cent of Input 
200 3.5 
150 3.0 
125 Dads 
100 2.5 
75 2.5 
60 2.7 
50 3.2 
40 4.4 
30 6.7 
25 8.5 


Note:—Further investigation may indicate the desirability of giving separate values 
of the losses for full and tapped fields, or low- and high-speed motors. 


ELECTRIC LOCOMOTIVES 
830 Rating. Locomotives shall be rated in terms of the weight on 
drivers, nominal one-hour tractive effort, continuous tractive effort 


and corresponding speeds. 

831 Weight on Drivers. The weight on drivers, expressed in pounds, 
shall be the sum of the weights carried by the drivers and of the 
drivers themselves, 
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832 Nominal Tractive Effort: The nominal tractive effort, expressed in 
pounds, shall be that exerted: at the rims of the drivers, when the 
motors are operating at their nominal (one-hour) rating. 

833 Continuous Tractive Effort. Thecontinuous tractive effort, ex- 
pressed in pounds, shall be that exerted at the rims of the drivers 
when the motors are operating at their full-voltage continuous rat- 
ing, as indicated in §802. 

In the case of locomotives operating on intermittent service, the 
continuous tractive effort may be given for 4 or % voltage, but in 
such cases the voltage shall be clearly specified. 


834 Speed: The rated speed, expressed in miles per hour, shall be 
that at which the continuous tractive effort is exerted. 
See also Appendix II on Additional Standards for Railway Motors, 
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ILLUMINATION AND PHOTOMETRY 


The following Sections, 850 to 895, are the rules of the Nomen- 
clature and Standards Committee of the Illuminating Engineering 
Society. They are here included by permission. 

850 Luminous flux is radiant power evaluated according to its capac- 
ity to produce the sensation of light. 


851 The stimulus coefficient K« for radiation of a particular wave- 
length, is the ratio of the luminous flux to the radiant power pro- 
ducing it. 

852 The mean value of the stimulus coefficient, K,,, over any range 
of wave-lengths, or for the whole visible spectrum of any source, 
is the ratio of the total luminous flux (in lumens) to the total radiant 
power (in ergs per second, but more commonly in watts). 


853 The luminous intensity of a point source of light is the solid 
angular density of the luminous flux emitted by the source in the 
direction considered; or it is the flux per unit solid angle from that 
source. 

Defining equation: 
Let I be the intensity, F the flux and w the solid angle. 


dF 
Then = =— 
dq) 
or, if the intensity is uniform, 
F 
lL SSS 5 
(63) 


854 Illumination, on a surface, is the luminous flux-density over that 
surface, or the flux per unit of intercepting area. 
Defining equation: 
Let E be the illumination and S the area of the intercepting surface. 


h yates 
Then = OT 
or, when uniform, 
F 
, E=— 
S 


° 


865 Candle, the unit of luminous intensity maintained by the Na- 
tional Laboratories of France, Great Britain, and the United States.! 


856 Candle-power, luminous intensity expressed in candles. 


1 This unit, which is used also by many other countries, is frequently referred to as 
the international candle. 
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Lumen, the unit of luminous flux, equal to the flux emitted in a 
unit solid angle (steradian) by a point source of one candle-power.’ 


Lux, a unit of illumination equal to one lumen per square meter. 
The C. G. S. unit of illumination is one lumen per square centimeter. 
For this unit Blondel has proposed the name ‘‘ Phot.’’ One milli- 
lumen per square centimeter (milliphot) is a practical derivative of 
the C., G. S. system. One foot-candle is one lumen per square foot 
and is equal to 1.0764 milliphots. 


Exposure, the product of an illumination by the time. Blondel 
has proposed the name “ phot-second ”’ for the unit of exposure in 
the C. G. S. system. 


Specific luminous radiation, the luminous flux-density emitted 
by a surface, or the flux emitted per unit of emissive area. It is 
expressed in lumens per square centimeter. 

Defining equation: 

Let E’ be the specific luminous radiation. 

Then, for surfaces obeying Lambert’s cosine law of emission. 


1D Ea ire 


Brightness, 6, of an element of a luminous surface from a given 
position, may be expressed in terms of the luminous intensity per 
unit area of the surface projected on a plane perpendicular to the line 
of sight, and including only a surface of dimensions negligibly small 
in comparison with the distance to the observer. It is measured in 
candles per square centimeter of the projected area. 

Defining equation: 

Let 8 be the angle between the normal to the surface and the line 
of sight. e 


dI 


Th 6 = ——_ 
ty dS cos@ 


Normal brightness, bo, of an element of a surface (sometimes 
called specific luminous intensity) is the brightness taken in a direc- 
tion normal to the surface. 

Defining equation: 


b = — 


or, when uniform, bb = — 


Brightness may also be expressed in terms of the specific luminous 
radiation of an ideal surface of perfect diffusing qualities, 7. e., one 
obeying Lambert’s cosine law. 


; ; = 
2 A uniform source of one candle emits 47 lumens. 


3 In practice, the brightness b of a luminous surface or element thereof is observed, 


and not the normal brightness bo. For surfaces for which the cosine law of emission 
holds, the quantities b and bo are equal, 
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The Lambert, the C. G. S. Unit of Brightness, the brightness of a 
perfectly diffusing surface radiating or reflecting one lumen per square 
centimeter. This is equivalent to the brightness of a perfectly dif- 
fusing surface having a coefficient of reflection equal to unity and 
illuminated by one phot. 


For most purposes, the millilambert (0.001 lambert) is the preferable 
practical unit. A perfectly diffusing surface emitting one lumen 
per square foot will have a brightness of 1.076 millilamberts. 


Brightness expressed in candles per square centimeter may be 
reduced to Lamberts by multiplying by 7. 

Brightness expressed in candles per square inch may be reduced 
to foot-candle brightness, by multiplying by the factor 1447 = 452. 

Brightness expressed in candles per square inch may be reduced 
to lamberts by multiplying by 7/6.45 = 0.4868. 

In practice, no surface obeys exactly Lambert’s cosine law of 
emission; hence the brightness of a surface in lamberts is, in general 
not numerically equal ta its specific luminous radiation in lumens 
per square centimeter. 

Defining equations: 


dF 
LE =— 
dS 
Or when uniform 
F 
L=—_— 
Ss 


Coefficient of reflection, the ratio of the total luminous flux reflected 
by a surface to the total luminous flux incident upon it. It is a 
simple numeric. The reflection from a surface may be regular, 
diffuse or mixed. In perfect regular reflection, all of the flux is 
reflected from the surface at an angle of reflection equal to the angle 
of incidence. In perfect diffuse reflection, the flux is reflected from 
the surface in all directions, in accordance with Lambert’s cosine law. 
In most practical cases, there is a superposition of regular and diffuse 
reflection. 

Coefficient of regular reflection is the ratio of the luminous flux 
reflected regularly to the total incident flux. 

Coefficient of diffuse reflection is the ratio of the luminous flux 
reflected diffusely to the total incident flux. 

Defining equation: 

Let m be the coefficient of reflection (regular or diffuse). 

Then, for any given portion of the surface, 


anal 
ae 


Lamp, a generic term for an artificial source of light. 
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Primary luminous standard, a recognized standard luminous 
source reproducible from specifications. 


Representative luminous standard, a standard of luminous in- 
tensity adopted as the authoritative custodian of the accepted value 
of the unit. 


Reference standard, a standard calibrated in terms of the unit from 
either a primary or representative standard and used for the cali- 
bration of working standards. 


Working standard, any standardized luminous source for daily 
use in photometry. 


Comparison lamp, a lamp of constant but not necessarily known 
candle-power, against which a working standard and test lamps are 
successively compared in a photometer. 


Test lamp, in a photometer,—a lamp to be tested. 

Performance curve, a curve representing the behavior of a lamp 
in any particular (candle-power, consumption, etc.) at different 
periods during its life. : 

Characteristic curve, a curve expressing a relation between two 


variable properties of a luminous source, as candle-power and volts, 
candle-power and rate of fuel consumption, etc. 


Horizontal Distribution Curve. A polar curve representing the 


luminous intensity of a lamp, or lighting unit, in a plane perpendi- 
cular to the axis of the unit, and with the unit at the origin. 

Vertical Distribution Curve. A polar curve representing the 
luminous intensity of a lamp, or lighting unit, in a plane passing 
through the axis of the unit, and with the unit at the origin. Unless 
otherwise specified, a vertical distribution curve is assumed to be 
an average vertical distribution curve, such as may in many cases be 
obtained by rotating the unit about its axis and measuring the aver- 
age intensities at the different elevations. It is recommended that 
in vertical distribution curves, angles of elevation shall be counted 
positively from the nadir as zero, to the zenith as 180 degrees. In 
the case of incandescent lamps, it is assumed that the vertical dis- 
tribution curve is taken with the tip downward. 


Mean horizontal candle-power of a lamp,—the average candle- 
power in the horizontal plane passing through the luminous center of 
the lamp. 

It is here assumed that the lamp (or other light source) is mounted 


in the usual manner, or, as in the case of an incandescent lamp, with 
its axis of symmetry vertical. 


Mean spherical candle-power of a lamp,—the average candle- 
power of a lamp in all directions in space. It is equal to the total 
luminous flux of the lamp, in lumens, divided by 47, 


Mean hemispherical candle-power of a lamp (upper or lower),— 
the average candle-power of a lamp in the hemisphere considered. 


It is equal to the total luminous flux emitted by the lamp, in that 
hemisphere, divided by 27, 
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Mean zonal candle-power of a lamp,—the average candle-power 
of a lamp over the given zone. It is equal to the total luminous 
flux emitted by the lamp in that zone, divided by the solid angle of 
the zone. 

Spherical reduction factor of a lamp,—the ratio of the mean spheri- 
cal to the mean horizontal candle-power of the lamp.* 

Photometric Tests in which the results are stated in candle-power 
should be made at such a distance from the source of light that the 
latter may be regarded as practically a point. Where tests are made 
in the measurement of lamps with reflectors, the results should always 
be given as ‘“‘ apparent candle-power”’ at the distance employed, 
which distance should always be specifically stated. 

The output of all illuminants should be expressed in lumens. 


Illuminants should be rated upon a lumen basis instead of a candle- 
power basis. 

The specific output of electric lamps should be stated in lumens 
per watt; and the specific output of illuminants depending upon 
combustion should be stated in lumens per b.t.u. per hour. The 
use of the term ‘‘ efficiency ”’ in this connection should be discouraged. 

When auxiliary devices are necessarily employed in circuit with a 
lamp, the input should be taken to include both that in the lamp and 
that in the auxiliary devices. For example, the watts lost in the 
ballast resistance of an arc lamp are properly chargeable to the lamp. 

The Specific Consumption of an electric lamp is its watt consump- 
tion per lumen. ‘‘ Watts per candle’ is a term used commercially 
in connection with electric incandescent lamps, and denotes, watts 
per mean horizontal candle-power. 

Life Tests. Electric Incandescent Lamps of a given type may be 
assumed to operate under comparable conditions only when their 
lumens per watt consumed are the same. Life-test results, in order 
to be compared, must be either conducted under, or reduced to, 
comparable conditions of operation. 

In Comparing Different Luminous Sources, not only should their 
candle-power be compared, but also their relative form, brightness, 
distribution of illumination and character of light. 

Lamp Accessories. A reflector is an appliance, the chief use of 
which is to redirect the luminous flux of a lamp in a desired direc- 
tion or directions. 

A Shade is an appliance, the chief use of which is to diminish or to 
interrupt the flux of a lamp in certain directions, where such flux 
is not desirable. The function of a shade is commonly combined 
with that of a reflector. 

A Globe is an enclosing appliance of clear or diffusing materials, 
the chief use of which is either to protect the lamp, or to diffuse its 
light. 


4. In MEO of a uniform point-source, this factor would be unity, and for a straight 


cylindrical filament obeying the cosine law it would be x/4. 
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895 TABLE XIX. 
Photometric Units and Abbreviations. 
Abbreviations, 
Photometric Name of Symbols and defining 
quantity unit equations 
1. Luminous flux Lumen FLW 
i i i Candl Th a P= & c 
2. Luminous intensity andle a dia oie oe p. 
dF £ 
3. Illumination Phot., foot-candle, E = as = =30080. 8 
lux 
4, Exposure Phot-second Es 
Apparent candles 
per sq. cm. 4 dl 
5. Brightness SS 
Apparent candles dS cos 8 
per sq. in. 
Lambert L= tes 
amber Bal es 5 
J 
: aI 
6. Normal brightness Candles per sq. cm. bb = we . 
Candles per sq. in. 
7. Specific luminous Lumens per sq. cm. 
radiation Lumens per sq. in. B= 7h, 0% 1 
8. Coefficient of re- E! 
fiecti == a 
ection m E 
9. Mean spherical candlepower scp 
10. Mean lower hemispherical candlepower lep | 
11. Mean upper hemispherical candlepower ucp 
12. Mean zonal candlepower zcp “ 


13. 1 lumen is emitted by 0.07958 spherical cp. 

14. 1 spherical candlepower emits 12.57 lumens. 

15. 1 lux = 1 lumen incident per square meter = 0,0001 phot 
= 0.1 milliphot. 

16. 1 phot = 1 lumen incident per sq. cm. = 10,000 lux = 1000 
milliphot. 

17. 1 milliphot = 0.001 phot = 0.929 foot-candle. 

18. 1 foot-candle = 1 lumen incident per square foot = 1.076 milli- 
phot = 10.76 lux. 

19. Llambert = 1 lumen emitted per square centimeter.* 

20. 1 millilambert = 0.001 lambert. 

21. 1lumen, emitted, per square foot* = 1.076 millilambert. 

22. 1 millilambert = 0.929 lumen, emitted, per square foot*. 

23. llambert = 0.3183 candle per sq. cm. = 2.054 candles per sq. in. 

24. 1 candle persq. cm. = 3.1416 lamberts. 

25. 1 candle per sq. in. = 0.4868 lamberts = 486.8 millilamberts. 

SSP PPT NS Renn eee 


*Perfect diffusion assumed. 
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SYMBOLS. 


In view of the fact that the symbols heretofore proposed by 
this committee conflict in some cases with symbols adopted for elec- 
tric units by the International Electrotechnical Commission, it is 
proposed that where the possibility of any confusion exists in the 
use of electrical and photometric symbols, an alternative system 
of symbols for photometric quantities should be employed. These 
should be derived exclusively from the Greek alphabet, for instance: 


Luminous intensity .........ee eee ee ee If 
eum nous texmeecianeet ester hatte Vv 
Migmination spn cee mene ee sie) B 
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910 


911 


912 


913 


914 


STANDARDS FOR TELEPHONY AND TELEGRAPHY 


After careful consideration, it does not seem that the time is 
yet ripe for a formal standardization of terms and definitions used 


in telephony and_telegraphy. Many of the terms commonly - 


employed are used in more thana single way, and conversely, many 
pieces of apparatus and many constants which are essentially 
identical from a physical standpoint have been and are known by 
more than one designation. 

Damping of a Circuit. The damping, at a given point, in a circuit 
from which the source of energy has been withdrawn, is the pro- 
gressive diminution in the effective value of electromotive force 
and current at that point resulting from the withdrawal of elec- 
trical energy. 


Damping Constant. The damping constant of a circuit depends 
upon the ratio of the dissipative to the reactive component of its 
impedance or admittance. 

Applied to the admittance of a condenser or other simple circuit 
having capacity reactance, the damping constant for a harmonic 
electromotive force of given frequency is the ratio of the conduc- 
tance of the condenser or simple circuit at that frequency, to twice 
the capacity of the condenser at the same frequency. 

Applied’ to the reactance of a coil or other simple circuit having 
inductive reactance, the damping constant for a harmonic current 
of given frequency is the ratio of the resistance of the coil or cir- 
cuit at that frequency, to twice the inductance at the same frequency. 

Equivalent Circuit. An equivalent circuit is a simple network 
of series and shunt impedances, which, at a given frequency, is 
the approximate electrical equivalent of a complex network at the 
same frequency and under steady-state conditions. 

Nore: As ordinarily considered, the simple networks as defined, 
are the electrical equivalents of complex networks only with respect 
to definite pairs of terminals, and only as to sending-end impedances, 
and total attenuation. A further requirement is that the only con- 


nections between the pairs of terminals are those through the net- 
work itself. 


“T” Equivalent Circuit. A “TT” equivalent circuit is a triple- 


star or “ Y” connection of three impedances externally equivalent 
to a complex network. 


Symbol: \N\\\—e 


—__s. . 


— Ts" = 
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Ui . Equivalent Circuit. A ‘ U” equivalent circuit is a delta 
connection of three impedances externally equivalent to a com- 
plex network. It is also called a “ IL” equivalent circuit. 


Symbol: 


916 


917 


918 
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IMPEDANCE 


Mutual Impedance. The mutual impedance, for alternating cur- 
rents, between a pair of terminals and a second pair of terminals 
of a network, under any given condition, is the negative vector 
ratio of the electromotive force produced between either pair of 
terminals on open circuit, to the current flowing between the other 
pair of terminals. ; 

Self Impedance. The self impedance between a pair of terminals 
of a network, under any given condition, is the vector ratio of the 
electromotive force applied across the terminals to the current 
produced between them. 


LINE CHARACTERISTICS 


Characteristic Impedance. The characteristic impedance of a line is 
the ratio of the applied electromotive force to the resulting 
steady-state current upon a line of infinite length and- uniform 
structure, or of periodic recurrent structure. 

Note: In telephone practice, the terms (1) line impedance, 
(2) surge impedance, (3) iterative impedance, (4) sending-end 
impedance, (5) initial sending-end impedance, (6) final sending-end 
impedance, (7) natural impedance and (8) free impedance, have 
apparently been more or less indefinitely and indiscriminately used 
as synonyms with what is here defined as ‘‘ characteristic impedance.” 

Sending-End Impedance. The sending-end impedance of a line is 
the vector ratio of the applied electromotive force to the re- 
sulting steady-state current at the point where the electromotive 
force is applied. 

Note: See note under “Characteristic Impedance. ” In case 
the line is of infinite length of uniform structure or of periodic re- 
current structure, the sending-end impedance and the character- 
istic impedance are the same. 

Propagation Constant. The propagation constant per unit length 
of a uniform line, or per section of a line of periodic recurrent 
structure, is the natural logarithm of the vector ratio of the 
steady-state currents at various points separated by unit length in 
a uniform line of infinite length, or at successive corresponding 
points in a line of recurrent structure of infinite length. The ratio 
is determined by dividing the value of the current at the point 
nearer the transmitting end by the value of the current at the point 


more remote. 
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Attenuation Constant. The attenuation constant is the real part 
of the propagation constant. 

Wave-Length Constant. The wave-length constant is the imaginary 
part of the propagation constant. 


LINE CIRCUITS 


Ground-Return Circuit. A ground-return circuit is a circuit con- 
sisting of one or more metallic conductors in parallel, with the 
circuit completed through the earth. 

Metallic Circuit. A metallic circuit is a circuit of which the earth 
forms no part. 

Two-Wire Circuit. A two-wire circuit is a metallic circuit formed 
by two paralleling conductors insulated from each other. 

Superposed Circuit. A superposed circuit is an additional circuit 
obtained from a circuit normally required for another service, and 
in such a manner that the two services can be given simultaneously 
without mutual interference. 

Phantom Circuit. A phantom circuit is a superposed circuit, 
each side of which consists of the two conductors of a two-wire 
circuit in parallel. 

Side Circuit. A side circuit is a two-wire circuit forming one side 
of a phantom circuit. 

Non-Phantomed Circuit. A non-phantomed circuit is a two-wire 
circuit, which is not arranged for use as the side of a phantom circuit. 

Simplexed Circuit, A simplexed circuit is a two-wire telephone 
circuit, arranged for the super-position of a single ground-return sig- 
nalling circuit-operating over the wires in parallel. 

Norge: In view of the use of the term ‘‘ Simplex Operation ’' 
in telegraph practice, it is felt that the designation ‘‘ Simplexed 
Circuit '’ as applied to the arrangement described is not a happy one, 

Composited Circuit, A composited circuit is a two-wire telephone 
circuit, arranged for the superposition on each of its component 
metallic conductors, of a single independent ground-return signalling 
circuit. 

Quadded or Phantomed Cable. A quadded or phantomed cable 
is a cable adapted for the use of phantom circuits. 

Note: The type of cable here defined has frequently been 
designated as ‘ Duplex Cable’"—a term which is objectionable , 


both on account of its lack of description and its widely different 
use in telegraph practice. 


LOADING 
Loaded Line. A loaded line is one in which the normal induc. 
tance of the circuit has been altered for the purpose of increasing 
its transmission efficiency for one or more frequencies. 
Series Loaded Line. A series loaded line is one in which the 
normal inductance has been altered by inductance serially applied. 
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Shunt Loaded Line. A shunt loaded line is one in which the nor- 
mal inductance of the circuit has been altered by inductance applied 
in shunt across the circuit. 


Continuous Loading. A continuous loading is a series loading in 
which the added inductance is uniformly distributed along the 
conductors. 

Coil Loading. A coil loading is one in which the normal induc- 
tance is altered by the insertion of lumped inductance in the 
circuit at intervals. This lumped inductance may be applied 
either in series or in shunt. 

Note: As commonly understood, coil loading is a series load- 
ing, in which the lumped inductance is applied at uniformly spaced 
recurring intervals 

Microphone. A contact device designed to have its electrical re- 
sistance directly and materially altered by slight differences in 
mechanical pressure. 

Relay. A relay is a device by means of which contacts in one 
circuit are operated under the control of electrical energy in the 
same or other circuits. 

Resonance. Resonance of a harmonic alternating current of given 
frequency, in a simple series circuit, containing resistance, induc- 
tance and capacity, is the condition in which the positive re- 
actance of the inductance is numerically equal to the negative 
reactance of the capacity. Under these conditions, the current 
flow in the circuit with a given electromotive force is a maximum. 

Retardation Coil. A retardation coil is a reactor (reactance coil) 
used in a circuit for the purpose of selectively reacting on cur- 
rents which vary at different rates. 

Note: In telephone and telegraph usage, the terms ‘‘impedance 
coil, ’’ ‘‘ inductance coil, ”’ choke coil” and ‘‘ reactance coil ’’ are 
sometimés used in place of the term “ retardation coil.” 

Skin Effect. Skin effect is the phenomenon of the non-uniform 
distribution of current throughout the cross-section of a linear 
conductor, occasioned by variations in the intensity of the mag- 
netic field due to the current in the conductor. 

Telephone Receiver. A telephone receiver is an electrically opera- 
ted device, designed to produce sound waves or vibrations which 
correspond in form to the electromagnetic waves or vibrations 
actuating it. 

Telephone Transmitter. A telephone transmitter is a sound-wave 
or vibration-operated device designed to produce electromagnetic 
waves or vibrations which correspond in form to the sound waves 
or vibrations actuating it. 

The Coefficient of Coupling of a Transformer. The coefficient 
of coupling of a transformer at a given frequency, is the vector 
ratio of the mutual impedance between the primary and second- 
ary of the transformer, to the square root of the product of the 
self-impedances of the primary and of the secondary. 

Repeating Coil. A term used in telephone practice meaning the 


same as transformer, and ordinarily a transformer of unity ratio. 
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APPENDIX I. 


STANDARDS FOR RADIO COMMUNICATION 


The following Sections 1000 to 1033 have been prepared by the 
Standardization Committee of the Institute of Radio Engineers, 
and are here included by permission as an Appendix, until further 
revised. 

1000 Acoustic Resonance Device. One which utilizes, in its operation, 
resonance to the audio frequency of the received impulses. 

1001 Antenna. A system of conductors designed for radiating or 
absorbing the energy of electromagnetic waves. 

1092 Atmospheric Absorption. That portion of the total loss of radi- 
ated energy due to atmospheric conductivity. 


1003 Audio Frequencies. The normally audible frequencies lying 
below 20,000 cycles per second (see also radio frequencies). 


1004 Capacitive Coupler. An apparatus which, by electric fields, joins 
portions of two radio frequency circuits and is used to transfer elec- 


trical energy between these circuits through the action of electric 
forces. 


1005 Coefficient of Coupling (Inductive). The ratio of the effective 


mutual inductance of two circuits to the Square root of the product 
of the effective self-inductances of each of these circuits. 


1006 Direct Coupler. An apparatus which magnetically joins two cir- 
cuits having a common conductive portion and which is used to 
transfer electrical energy between these circuits. 

1007 Counterpoise. A system of electrical conductors insulated from 
ground forming one plate of a condenser, the other plate of which 
is the antenna. In land stations a counterpoise forms a capacitive 
connection to ground. 

1008 A Damped Alternating Current is a current which alternates 
regularly in direction and whose amplitude progressively diminishes. 

1009 The Damping Factor of an exponentially damped alternating cur- 
rent is the product of the logarithmic decrement and the frequency. 

Let Ip = initial amplitude 
I; = amplitude at the time ¢ 
€ base of Napierian logarithms 


a damping factor 
Then: i, = Ip €~% 


Il 


1010 Detector. That portion of the receiving apparatus which, con- 
nected to a circuit carrying currents of radio frequency, and in 
conjunction with a self-contained or separate indicator, translates 
the radio’ frequency energy into a form suitable for Operation of 


STANDARDIZATION RULES OF THE A.I. E. E. 1877 


the indicator. This translation may be effected either by the con- 
version of the radio frequency energy, or by means of the control 
of local energy by the energy received. 

1011 Electromagnetic Wave. A progressive disturbance characterized 
by the existence on the wave front of electric and magnetic forces 
acting in directions which are perpendicular to each other and to 
the direction of propagation of the wave. 

1012 Forced Alternating Current. A current produced in any circuit 
by the application of an alternating electromotive force. 

1013 Free Alternating Current. A current produced by means of an 
electromagnetic disturbance in a circuit, having capacity, induct- 
ance, and Jess than the critical resistance. 

1014 Critical Resistance of a Circuit determines the limit between the 
oscillatory and aperiodic discharge of that circuit. (The discharge 
is aperiodic if the circuit resistance is greater than the critical value 
and is alternating when the resistance is less than the critical value). 
In a circuit without dielectric or magnetic hysteresis, the critical 


Sis 
resistance equals aL, where LZ and C are the effective in- 


ductance and capacity of the circuit. 

1015 Group Frequency. The number per second of periodic changes 
in amplitude or frequency of an alternating current. 

Norte 1. Where there is more than one periodic recurrent 
change of amplitude or frequency, there is more than one group 
frequency present. 

Norte 2. The term ‘‘ group frequency” replaces the term 
frequency.” 

1016 Inductive Coupler. An apparatus which, by magnetic forces, 
joins portions of two radio frequency circuits and is used to transfer 
electrical energy between these circuits, through the action of mag- 
netic forces. 

1017. Linear Decrement of a Linearly Damped Alternating Current is 
the difference of successive current amplitudes in the same direction, 
divided by the larger of these amplitudes. 

Let: I, and In 41 be successive current amplitudes in the same 
direction, of a linearly-damped alternating current. 

Lae In41 
In 


‘ spark 


Then: The linear decrement, b = 


Also: I; = Ip (1 —8ft) 
Where: J) = initial current amplitude 
I, = current amplitude at time ?/ 
f = frequency of alternating current 


1018 Logarithmic Decrement of an exponentially damped alternating 
current is the logarithm of the ratio of successive current ampli- 


tudes in the same direction. 
Note: Logarithmic decrements are standard for a complete 


period or cycle. 
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Let: In and Iny1 be successive current amplitudes in the 
same direction. 


d = logarithmic decrement 


In 


Then: d=log, 


In41 
1019 Radio Frequencies. Those above 20,000 cycles per second (see 
also Audio Frequencies). 
Note: It is not implied that radiation cannot be secured at 
lower frequencies and the distinction from audio frequencies is 
merely one of definition based on convenience. 


1020 Resonance to an Exciting Alternating Current of a given fre- 
quency in an oscillating circuit is that condition in which the re- 
sulting effective current (or voltage) in that circuit is a maximum. 

If neither the free nor the forced alternating currents of the 
driven circuit are highly damped, then resonance is obtained when 
the frequency of the free alternating current is approximately equal 
to the frequency of the forced alternating current. 


1 
That is, OSS = Wi 
SLE 
27 X the frequency of the free alternating current 


in the circuit. 
L = the effective inductance of the circuit. 


Where: 


C = the effective capacity of the circuit. 
@), = angular velocity of the forced alternating current. 
ae ; A aS oe 
This is equivalent to the condition wL= Ta 1.e., the inductive 
Ww 


reactance at that frequency is numerically equal to the capacitive 


1 
reactance, or that the total reactance ( oL— =) is equal to 0, 
w 


1021 A Resonance Curve gives the power, current, or voltage at 
various frequencies of excitation, as a function of those frequencies. 
or of the corresponding wave lengths. 


1022 A Wave-Length Resonance Curve is one wherein the abscissas are 
ratios of specified wave lengths to the resonant wave length, and the 
ordinates are ratios of the energy (or square of the current) at cor- 
responding specified wave lengths to the energy (or square of the 
current) at the resonant wave length. It is advantageous to have 
the scales of ordinates and abscissas equal. 


1023 A Frequency Resonance Curve. One wherein the abscissas are 
ratios of specified frequencies to the resonant frequency, and the 
ordinates are ratios of the energy (or square of the current) at corres- 
ponding specified frequencies to the energy (or square of the current) 


at the resonant frequency. The scales of ordinates and abscissas 
are equal. 


1024 A Standard Resonance Curve, unless otherwise specified, is assumed 
to be a wave-length resonance curve. 
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1025 Selecting. The process of adjusting an element driven by a 
plurality of simultaneous impulses, until the ratio of desired response 
to undesired response is a maximum. 

1026 Sustained Radiation consists of electromagnetic waves of constant 
amplitude (such as are emitted from an antenna in which a forced 
alternating current flows.) 

1027 Tuning. The process of securing the maximum indications by 
adjusting the time period of a driven element. (In transmitter or 
receiver. ) 

1028 A Wave-Length Meter, commonly called a Wave-Meter, is a radio 
frequency measuring instrument, calibrated to read wave lengths. 

1029 Rating. 1. All radio transmitting sets shall be rated in actual 
power output measured in the antenna. 

Note: The group or audio frequency of the note of the station 
should be stated as well, (except for sustained wave sets, where that 
characteristic should be mentioned). 

2. The over-all efficiency of a radio transmitting station shall be 
the ratio of the actual power output as measured in the antenna to the 
power input supplied to the first piece of electrical machinery which is 
definitely a part of the radio equipment. 

1030 Decremeter. An instrument for measuring the logarithmic de- 
crement of a circuit or of a train of electromagnetic waves. 

1031 Attenuation, Radio. The decrease with distance from the radi- 
ating source, of the amplitude of the electric and magnetic forces 
accompanying (and constituting) an electromagnetic wave. 

1032 Attenuation Coefficient (Radio). The coefficient, which, when 
multiplied by the distance of transmission through a uniform medium, 
gives the natural logarithm of the ratio of the amplitude of the 
electric or magnetic forces at that distance, to the initial value of 
the corresponding quantities. 

1033 Coupler. An apparatus which is used to transfer radio-frequency 
energy from one circuit to another by associating portions of these 
circuits. 
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APPENDIX II. 
ADDITIONAL STANDARDS FOR RAILWAY MOTORS 


1100 In comparing projected motors, and in case it is not possible or 
desirable to make tests to determine mechanical losses, the follow- 
ing values of these losses, determined from the averages of many 
tests over a wide range of sizes of single-reduction single-geared 
motors, will be found useful, as approximations. They include 
axle-bearing, gear, armature-bearing, brush-friction, windage, and 
stray-load losses. 


TABLE XxX 
Approximate Losses in D-C. Railway Motors. 


Input in per cent of that at nominal 


rating Losses as per cent of input 
100 or over 5.0 
75 5.0 
60 bad 
50 6.5 
40 8.8 
30 13.3 
cs ed L720 


1101 The core loss of railway motors is sometimes determined 
by separately exciting the field, and driving the armature 
of the motor to be tested, by a separate motor having known losses 
and noting the differences in losses between driving the motor light 
at various speeds and driving it with various field excitations. 

1102 Selection of Motor For Specified Service 

The following information relative to the service to be performed, 
is required, in order that an appropriate motor may be selected. 
(a) Weight of total number of cars in train (in tons of 2000 lb.) 
exclusive of electrical equipment and load. 
(b) Average weight of load and durations of same, and maximum 
weight of load and durations of same. 
(c) Number of motor cars or locomotives in train, and number 
of trailer cars in train. 
(d) Diameter of driving wheels. 
(e) Weight on driving wheels, exclusive of electrical equipment. 
(£) Number of motors per motor car. 
(g) Voltage at train with power on the motors—average, maxi- 
mum and minimum. 


. 
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(h) Rate of acceleration in mi. per. hr. per second. 
(i) Rate of braking (retardation in m. per hr. per second). 
(j) Speed limitations, if any (including slowdowns). 
(k) Distances between stations. 
; (1) Duration of station stops. 
(m) Schedule speed including station stops in m.p.h. . 
(n) Train resistance in pounds per ton of 2000 pounds at stated 
speeds. 
(0) Moment of inertia of revolving parts, exclusive of electrical 
equipment. 
(p) Profile and alignment of track. 
(q) Distance coasted as a per cent of the distance between station 
stops. 
(r) Time of layover at end of run, if any. 


1103 Stand-Test Method of Comparing Motor Capacity with Service 
Requirements: When it is not convenient to test motors under actual 
specific service conditions, recourse may be had to the following 
method of determining temperature rise. 


1104 The essential motor losses affecting temperatures in service are 
those in the motor windings, core and commutator. The mean ser- 
vice conditions may be expressed, as a close approximation, in terms 
of that continuous current and core loss which will produce the same 
losses and distribution of losses as the average in service. 

A stand test with the current and voltage which will give 
losses equal to those in service, will determine whether the motor has 
sufficient capacity to meet the service requirements. In service, the 
temperature rise of an enclosed motor (§164), well exposed to the 
draught of air incident to a moving car or locomotive, will be from 75 
to 90percent (depending upon the character of the service) of the tem- 
perature rise obtained on a stand test with the motor completely 
enclosed and with the same losses. Witha ventilated motor (§165 
and §167), the temperature rise in service will be 90 to 100 per cent of 
the temperature rise obtained on a stand test with the same losses. 


1105 In making a stand test to determine the temperature rise in a 
specific service, it is essential in the case of a self-ventilated motor 
(§ 167), to run the armature at a speed which corresponds to the 
schedule speed in service. In order to obtain this speed it may be 
necessary, while maintaining the same total armature losses, to change 
somewhat the ratio between the I?R and core-loss components. 


1106 Calculation for Comparing Motor Capacity with Service Require- 
ments. The heating of a motor should be determined, wherever 
possible, by testing it in service, or with an equivalent duty cycle. 
When the service or equivalent duty-cycle tests are not practicable, 
the ratings of the motor may be utilized as follows to determine its 


temperature rise. 
1107 The motor losses which affect the heating of the windings are as 


stated above, those in the windings and in the core. The former 
are proportional to the square of the current. The latter vary with 
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the voltage and current, according to curves which can be supplied 
by the manufacturers. The procedure is therefore as follows: 


1108 (a) Plot atime-current curve, a time-voltage curve, and a time-core 
loss curve for the duty cycle which the motor is to perform, and calcu- 
late from these the root-mean-square current and the equivalent 
voltage which, with this r.m.s. current, will produce the average 
core loss. 

1109 (b) If the calculated r.m.s. service current exceeds the continuous 
rating, when run with average service core loss and speed, the motor 
is not sufficiently powerful for the duty cycle contemplated. 


1110 (c) If the calculated r.m.s. service current does not exceed 
the continuous rating, when run with average service core loss 
and speed, the motor is ordinarily suitable for the service. In some 
cases, however, it may not have sufficient thermal capacity to avoid 
excessive temperature rises during the periods of heavy load. 
In such cases a further calculation is required, the first step of which 
is to calculate the temperature rise due to the r.m.s. service cur- 
rent, and equivalent voltage. 


Deki ole Mish hae ith service current, and equiva 
Po= IR loss, kw. Wie ths, - , q 


Pe = core loss, kw lent service voltage. 
Cis , . 


T = temperature rise : : 
Po = IR loss, kw with continuous load current correspond- 


iter cere teens ion ing to the equivalent service voltage. 
, Gy ’ . 


Then 


Po + be : 
t= T Poeepre approximately. 

1111 (d) The thermal capacity of a motor is approximately measured 
by the ratio of the electrical loss in kw. at its nominal (one-hour) 
capacity, to the corresponding maximum observable temperature 
rise during a one hour test starting at ambient temperature, 


1112 (e) Consider any period of peak load and determine the electrical 
losses in kilowatt-hours during that period from the electrical effi- 
ciency curve. Find the excess of the above losses over the 
losses with r.m.s. service current and equivalent voltage. The 
excess loss, divided by the co-efficient of thermal capacity, will equal 
the extra temperature rise due to the peak load. This temperature 
rise added to that due to the r.m.s. service current, and equiv- 
alent voltage, gives the total temperature rise. If the total 
temperature rise in any such period exceeds the safe limit, the 
motor is not sufficiently powerful for the service. 

1113 (f) If the temperature reached, due to the peak loads, does not 
exceed the safe limit, the motor may yet be unsuitable for the service, 
as the peak loads may cause excessive sparking and dangerous me- 
chanical stresses. It is, therefore, necessary to compare the peak 
loads with the short-period overload capacity. If the peaks are also 


within the capacity of the motor, it may be considered suitable for the 
given duty cycle. 
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REPORT OF THE BOARD OF DIRECTORS FOR FISCAL YEAR 
ENDING APRIL 30, 1914 


The Board of Directors of the American Institute of Electrical Engineers 
presents herewith to the membership its annual report for the fiscal year 
ending April 30, 1914. 

Only a summary of the work which has been accomplished during 
the year is possible in this report, but in the preparation of it a sufficient 
amount of detail has been given to convey a general idea of the scope and 
activity of the Institute. Those members desiring further information are 
referred to past issues of the monthly PROCEEDINGS, in which nearly all 
matters of importance have been given publicity in greater detail. Ab- 
stracts of the reports of many of the Institute committees, as submitted 
to the Board, are included herein. 

The exact status of the Institute’s financial affairs will be found in the 
statements at the end ofthis report, which show the finances to be in sound 
and satisfactory condition. The statements also contain detailed in- 
formation respecting the various trust funds, assets and liabilities, and 
other financial data, 

Meetings of the Board.—The Board of Directors has held 10 meeting 
during the year; nine at Institute headquarters in New York, and one at 
Cooperstown, N. Y., during the Annual Convention. In order that the 
membership may keep closely in touch with the administration of the 
Institute’s affairs, a résumé of business transacted at these meetings is 
published each month in the Institute PROCEEDINGS. This, however, 
represents only a portion of the business transacted by the Board, as many 
important matters are considered to which publicity is not given pending 
their final settlement. Such matters are dealt with in subsequent issues 
of the PROCEEDINGS under appropriate headings. 

Conventions.—The Annual Convention was held in Cooperstown, N. Y. 
June 23-27, 1913. The total registered attendance was 242, of which 
171 were Institute members. Of the 71 guests, 54 were ladies. Twenty- 
four papers were presented at the six technical sessions. The reduction 
in the number of papers over the two previous years was favorably com- 
mented upon, as it afforded longer time for discussion and eliminated the 
necessity for parallel sessions. 

The success of the first Midwinter Convention, held in New York early 
in 1913, led the Board to give favorable consideration to a demand fora 
similar convention this year, which was held at Institute headquarters 
February 25-27, 1914, under the auspices of the Electric Power Com- 
mittee. Sixteen papers and reports on the gerieral subject of electric 
power were presented, several of the reports embodying separate short 
papers by different authors, each devoted to some subdivision of the main 


1895 


1896 REPORT OF BOARD OF DIRECTORS - [ May 19 


subject. The total registered attendance was 472, of which 354 were 
Institute members. A subscription dinner-dance, under the joint aus- 
pices of the Institute and the Executive Committee of the Committee on 
Organization of the International Electrical Congress to be held in San 
Francisco in 1915, was the only official social function of the convention. 
About 350 members and guests participated in this event. 

The fifth annual Pacific Coast Convention was held in Vancouver, B.C., 
September 9-11. The arrangements were made and admirably carried 
out under the auspices of the Vancouver Section. Six technical papers, 
relating chiefly to industries and operations of interest to engineers on the 
coast and in the northwest, were presented. The total attendance was 
154. Vice-President Lighthipe represented the President, and, presided 
at this meeting. 

Other Meetings——A meeting was held in Philadelphia, Pa., on October 
13, 1913, under the auspices of the Philadelphia Section. Three papers 
were presented and discussed at this meeting, and the total attendance 
was 204. 

A meeting was held in Pittsburgh, Pa., April 9-10, 1914, under the aus- 
pices of the Committee on the Use of Electricity in Mines and the Pitts- 
burgh Section. Five papers on the application of electricity in mining 
were presented, and 191 members and guests attended. 

A two-day meeting was held in Washington, D. C., April 24-25, 1914, 
in cooperation with the American Physical Society. The meeting was 
conducted on behalf of the Institute by the Electrophysics Committee, 
with the assistance of the Washington and Baltimore Sections, and the 
papers presented related more or less to the general subject of electro- 
physics. The Institute contributed five of the papers presented at the 
meeting. 

In addition to the foregoing meetings, regular monthly meetings have 
also been held in New York, excepting during the summer months. 

The Sections and Branches of the Institute have been exceedingly 
active, having held more than 500 meetings throughout the country. 

During the year, President Mailloux, Honorary Secretary Pope, and 
Secretary Hutchinson have attended a large number of Institute and 
Section meetings in various parts of the country. 

Future Institute meetings during the present year are being arranged 
for, as follows: Pittsfield, Mass., May 28-29; Annual Convention, De- 
troit, Mich., June 23-26, Pacific Coast Convention, Spokane, Wash., 
September 9-11. 

Scientific Lectures.—The wide-spread interest shown by members and 
non-members in the lectures on radioactivity by Professor E. P. Adams 
of Princeton University a year ago prompted the Board to authorize 
the appointment of a special committee on Technical Lectures last fall, 
through which arrangements were made with Dr. M. I. Pupin, Professor 
of Electromechanics in Columbia University, New York, to deliver two 
lectures on the subject of the relation of the electromagnetic theory to the 
science of electrical engineering of the present day. The lectures were 
given in New York on April 29 and May 6, 1914. Dr. Pupin’s lectures 
were planned to bring out the points of contact between Maxwell’s elec- 
tromagnetic theory and the ordinary and less broad electromagnetic 
theory which serves as the foundation of electrical engineering today. 
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International Electrical Congress.—The Executive Committee of the 
Committee on Organization of the International Electrical Congress, 
San Francisco, 1915, which is invested with powers to carry on the work 
for the general committee, was reorganized during the year with a chair- 
man, a vice-chairman, and nine other members, in order that it could more 
effectively carry on its work, which has developed considerably during the 
year. The question of financing the Congress was referred to the Board 
of Directors for consideration by the committee last fall, and it became 
necessary to make some adequate provision for funds to be available for 
this purpose until such time as the committee’s income through sub- 
scriptions would enable it to finance the Congress independently of the 
Institute. This was accomplished by the passage of a resolution by which 
the Institute agreed to underwrite the expenses of the Congress to the 
extent of $15,000, with the understanding that the Institute is to be reim- 
bursed to the full amount advanced if the Congress proves to be self- 
supporting, as expected, and is to receive the profits, ifany. In agreeing 
to underwrite the expenses of the Congress, the Board took the view that 
inasmuch as the project of holding the Congress originated with the 
Institute, and as, by authority of the International Electrotechnical 
Commission, the Congress is being conducted under the auspices of the 
Institute, the responsibility for obligations incurred in connection with 
it rests upon the Institute. Additional information regarding the Con- 
gress may be found in the abstract of the report of the Executive Com- 
mittee in the following pages. 

International Engineering Congress.—This congress is entirely distinct 
from the Electrical Congress, and is to be held a week after the‘ latter. 
It is being organized under the auspices of the American Society of Civil 
Engineers, the American Society of Mechanical Engineers, the Ameri- 
can Institute of Mining Engineers, the Society of Naval Archi- 
tects and Marine Engineers, and _ the American Institute of 
Electrical Engineers. The Institute’s interest in this congress is limited, 
on account of its obligations to the Electrical Congress, for which it is 
solely responsible, and upon the success of which its efforts must neces- 
sarily be largely centered. The Institute is, however, heartily in sym- 
pathy with the proposed engineering congress, is represented upon its 
Board of Management, and is actively cooperating in the work of 
preparation. 

Standardization Rules.—One of the most useful and important activi- 
ties which the Institute has undertaken in recent years, and upon which 
a very large amount of time and energy has been concentrated during the 
past year, is the preparation of a revised edition of the Standardization 
Rules. Credit for this work is due to the Standards Committee, which, 
after nearly two years of unremitting labor, has practically completed the 
revision of the rules, and it is expected that the revised rules will be 
referred to the Board of Directors for formal action at the coming Annual 
Convention. 

Foreign Relations.—The Institute’s relations with foreign engineering 
societies have continued harmonious and cordial. The reciprocal ar- 
rangement for the exchange of visiting member privileges with some of 
the foreign societies still remains in force, and has been availed of to a 
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considerable extent. The Secretary has issued during the past year 
a large number of visiting member certificates to Institute members 
who have gone abroad, and an approximately equal number of certifi- 
cates from foreign societies has been honored by the Institute. 

An important step towards international representation was taken by 
President Mailloux last August by the appointment, upon authorization 
of the Board, of representatives of the Institute upon the United States 
National Committee of the International Illumination Commission, a 
newly-organized body formed from the International Photometric Com- 
mission at a meeting of the latter held for that purpose in Berlin, 
in August, 1913. In all, ten countries were represented by delegates. 
President Mailloux unofficially represented the Institute and took a 
conspicuous part in the proceedings. All of the statutes, resolutions and 
official documents of the Commission are to be drawn up in the French 
language, while the national committees may draw up translations which 
may be published on their own respective responsibilities. Several other 
American organizations are represented on the U. S. National Com- 
mittee. 

The very friendly relations which have always existed between the 
American Institute of Electrical Engineers and the Institution of Electrical 
Engineers of Great Britain have become more cordial than ever during the 
last year, through the personal efforts of their presidents, prior to and since 
their meeting at Berlin in August, 1913, as members of the official dele- 
gations from their respective countries to the meetings of the Inter- 
national Illumination Commission and of the International Electrotech- 
nical Cémmission. 

In accordance with arrangements previously made by letter and by 
cable a special conference of prominent members of the A. TI. E. E. and 
the I. E. E. took place at London, in August, 1913, prior to the Berlin 
meetings. The purpose of this conference was to exchange and compare 
views, adjust and reconcile policies and programmes, and, in general, 
to secure codéperative, concerted action between the two countries in 
regard to electrical standardization and various cognate matters, and on 
questions of mutual interest to both. This conference was most 
effective in promoting good feeling, and in stimulating the desire 
for codperation between the two bodies. It paved the way for an 
““entente cordiale’’ which, a few days later, at Berlin, produced telling 
results, by making the representatives from England and the United 
States work together in most satisfactory and effective manner, their 
joint efforts and influence having proved quite preponderating both 
in the organization of the I. I. C. and in the meetings of the I. E. C. 

The desire for continued and systematic codperation between the 
A. I. E. E. and the I. E. E. having already found expression at London 
and at Berlin, and the advantages thereof having become manifest since 
then, the matter was studied further on both sides and arrangements satis- 
factory to both sides were agreed upon. Formal action in carrying out 
these arrangements was taken by President Mailloux last February, 
when he obtained the authority of the Board to suggest to the Institution 
of Electrical Engineers that a Joint Conference Committee composed of 
representatives of the Institution and the Institute be organized to deal 
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with matters regarding which concerted action between the standards 
committees of the two bodies might be desirable, and, if the suggestion 
was received favorably, to appoint the Institute’s representatives. The In- 
stitution promptly accepted the invitation of the Institute to participate 
in the formation of such a joint committee. 

Committees and Departments.—Upon entering into his administration 
of the Institute’s affairs in August, 1913, President Mailloux, with the 
sanction of the Board, reorganized the technical committees and divided 
the work of the Institute into six departments, witha vice-president and 
manager at the head of each department as Councillor and Vice-Coun- 
cillor. The features of the plan were fully described in the September, 
1913, PROCEEDINGS. 

The Standards Committee was considerably enlarged so as to permit 
the appointment of sub-committees of a suitable number. 

Three new committees were appointed; namely, Electric Power, 
Electrically Propelled Vehicles, and Prime Movers. The Electric 
Power Committee was organized to cover a very broad field, and was 
divided into sub-committees on Power Stations, Power Generation, 
Protective Apparatus, Transmission, Distribution, Economics, and 
Engineering Data, each sub-committee having its own chairman and 
membership. 

Committee Reports.—The following abstracts of the reports submitted 
by the chairmen of various permanent Institute committees give an 
outline of the activities of these committees. Much important work 
has also been accomplished by temporary committees appointed during 
the year for specific purposes; also by delegates of the Institute to meetings 
of other technical organizations and by representatives upon various 
boards, commissions, and other local and national bodies. 

Sections Committee—In accordance with the custom of previous 
years, the activities of the various Sections and Branches of the In- 
stitute are shown briefly in tabular form below: 


Year Ending 


| 
May1| May 1 May 1 May 1 May1| May1| May 1 
1908 1909 1910 1911 1912 1913 1914 
Sections —_——_ J pee SS | ee =) 
Number of Sections 21 24 25 25 28 29 30 
Number of Section 
meetings held.... 141 169 187 208 231 244 233 
Total attendance... 7476 16,427 16,694 15,243 19,800 22,825 22,626 
Branches 
Number of Branches 22 26 31 36 42 47 47 
Number of Branch 
meetings held..... 143 198 237 255 281 357 306 
Attendance......--. 4128 8,443 10,255 10,714 10,255 11,808 11,617 


One new Section has been formed within the last year, at Panama. 
Judging from the notices that have come from the new Section, it has 
had a highly successful inauguration. 
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The Pacific Coast membership have not as yet held their annual 
convention, but it is held over until September, thereby making it the 
first of the Institute meetings which will occur in the next administrative 
year. This will be the sixth of these Pacific Coast conventions which have 
been held among the six Pacific Coast Sections. The convention this 
year will be held in Spokane, Wash., September 9, 10 and 11. - 

These conventions have been highly influential in maintaining the 
solidarity of the Institute membership on the Pacific Coast. 

The Sections and Branches continue to maintain the important place 
in Institute activities that they have maintained since their inauguration 
twelve years ago. 

Meetings and Papers Committee.—The Meetings and Papers Commit- 
tee has had general supervision of the arrangements for the Institute 
meetings and conventions held throughout the country during the year. 
In providing the program for these meetings the committee has had the 
cooperation and assistance of various other Institute committees. The 
chairman of the committee contributing the paper for discussion at 
a meeting has usually presided at the technical session at that meeting. 

The committee is now making preparation for the Annual Convention, 
which is to be held in Detroit, Mich., June 23-26, 1914. The committee 
is pursuing the same policy as last year in limiting the number of papers 
to be presented, having found this a great advantage, as it affords a 
longer time for discussion and eliminates the necessity for parallel sessions. 

New York Reception Committee.—The New York Reception Com- 
mittee has arranged for the smokers which have been held at Institute 
headquarters in connection with the monthly meetings. These smokers 
have been supported entirely by voluntary contributions from members 
residing in and near New York. 

Standards Committee.—The membership of the Standards Committee, 
as appointed last year, has been larger than heretofore, so as to permit 
of the division of the committee into sub-committees on specific subjects. 
Six sub-committees have been created, to deal with the subjects of 
Rating, Telegraph and Telephone Standards, Railroad Standards, Nomen- 
clature and Symbols, Cables, and Rating and Testing of Control Ap- 
paratus. Each sub-committee has been presided over by a chairman. 

The committee, as a whole, has bent its energies during the year to 
producing a new edition of the Standardization Rules. Since the last 
edition was issued in 1911 many rules in it have ceased to be useful, 
and should be superseded. A large amount of material for the new 
edition was laid before the Institute in the papers read at the New York 
Midwinter Convention of February, 1918. Since that date the Standards 
Committee has been actively engaged in drawing up the proposed new 
rules and in circulating the proposals for discussion. Preliminary drafts 
of sections of the proposed new rules were printed in December, 1913, 
January, February, March and April, 1914, Many of these drafts have 
been extensively circulated, especially those prepared by the sub-com- 
mittee on Rating. The sub-committees have successively discussed 
and modified these drafts in local meetings attended by specialists from 
different parts of the country. 


The meeting of the whole committee in April, at the Institute rooms, 
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lasted two full days. The latest revision is now being prepared for further 
distribution, and for final discussion at a meeting in June. It is expected 
that the committee will then be able to submit the new edition to the 
Board of Directors at the Annual Convention. 


Code Committee.—The Code Committee was represented by its chair- 
man at a Conference on Fire Prevention held in Philadelphia in October, 
1913, under the auspices of the Philadelphia Fire Prevention Commission. 
The outcome of the conference was that the work which it was expected 
would be handled by the Commission is to be taken care of by the Public 
Policy Committee of the National Board of Fire Underwriters. 

The chairman of the committee also represented the Institute at the 
biennial meeting of the Electrical Committee of the National Board of 
Fire Underwriters held in Bostonin April. At this meeting the committee 
appointed to reconstruct Rule 13, dealing with outside construction, 
decided to postpone definite action until the result of the work of the 
joint committee of the American Railway Association on the joint use of 
poles is known. 

Library Committee —In accordance with Section 24 of the by-laws of the 
Institute, the Library Committee begs leave to submit herewith its 
report for the fiscal year ending April 30, 1914, showing the general 
condition of the library, and including the names of all donors to it. 

The administration of the library’s affairs by the Library Board, 
which was organized for this purpose with the approval of the founder 
societies in February 1913, has proved very satisfactory, and the Board 
has accomplished a considerable amount of constructive work- during 
the year. 

One of the most important matters to claim the attention of the 
Board was the general question of financing the library. The subject 
was brought up for discussion at a meeting held on December 4, 19138, 
and resulted in the appointment of a special committee consisting of 
the secretaries of the three founder societies to formulate a plan for the 
apportionment of expenditures and appropriations for the library, and 
to make specific recommendations for the classification of library accounts. 

This committee submitted its report to the Library Board on February 
5, 1914, and on March 26, 1914, the plan recommended by the com- 
mittee was formally adopted by the Board of Trustees of the United 
Engineering Society. The principal features of the plan are as follows: 

1. That a permanent.Finance Committee of three members of the 
Library Board, one representative from each society, be created, each 
member being designated by the Library Committee of the society 

which he represents. This committee to have supervision of the library 
expenditures under the direction of the Library Board. 

2. That the United Engineering Society bear one-quarter of the 
operating expenses of the library, dating from January 1, 1914, the 
remaining three-quarters to be borne equally by the three founder 
societies. 

3. That all purchases of books, periodicals and binding be made 
by the librarian upon the authorization of the Library Committee of 
the founder society concerned, or in the case of the United Engineering 
Society, by the Finance Committee of the Library Board, and that the 
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cost of such books, periodicals and binding be borne in each case by the 
society concerned. 

4. That the research work carried on under the direction of the 
librarian be made, as far as possible, self-supporting. 

Under this plan the United Engineering Society shares in the opera- 
ting expenses of the library, which heretofore were borne entirely by the 
three founder societies. 

The library now contains over 54,000 volumes, and about 1,600 com- 
plete and partial sets of periodicals. Over 800 periodicals are received 
currently. 

Data, which shall form the basis of a list of the sets of technical peri- 
odicals in the various libraries of New York City, have been obtained 
and the work of compiling this list is now progressing. 

The research department has developed considerably during the 
year. Over a thousand questions have been received requiring research, 
and a large number of photographic reproductions and reference lists 
have been sent to out-of-town clients, both here and abroad, thus extend- 
ing the facilities of the library to every part of the world. The fees for 
research work have been slightly increased, with a view to making this 
department self-supporting. 

Statistical information concerning the library and its use during the 
year, including a list of donors, is given in the following tables. 


Donors 
May 1, 1913—April 30, 1914 


ADAMS Hid otc, tate chaheli rath Meaae sal Oot nar Reet ae ae eee 6 
AMERICAN ELECTRIC RAILWAY ASSOCIATION................ 14 
AMERICAN) ELECTROCHEMICAL, SOCIETY. .- 4... eacaeoee aes teen 3 
AMERICAN INSTITUTE OF CONSULTING ENGINEERS........... 1 
AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS............ 1 
AMBRICAN MINING CONGRESS sank pointes ene 1 
AMERICAN RATE WA YASS OCLAINON Ge i ane 1 
AMERICAN SCHOOL OF CORRESPONDENCE................... 2 
AMERICAN TELEPHONE AND TELEGRAPH COMPANY........... 4 
ARGHEN TENE SOCTAT: MUSE: U.Minth cyl ele ie a nara ee 1 
ARNOLD), Bo J savals Seus ees teas ahaa renee Saat eC es ee ee 6 
ASSOCIATION OF IRON AND STEEL ELECTRICAL ENGINEERS.... 1 
BARBIERT, Mv arcistersieis © ¢.svrels or ove Che, sre ape reeiere Te eee 
IBESILOB Tes We wives eciere bods wives ters telteasieec ete: ope eae er cae il 
BRAMMER, Js Gi." o. ne auaieis eusseegs, she eeu the ater cata ener ene 1 
BROOKLYN ENGINEERS, CLUB sam dm om ei erent ee ee 1 
CALDWELE SED WARD 2 ton austen fel st eth eece tene a ae 2 
CARNEGIE ADIB RAR YeOR PLL TSE UR G Ean ie ete ee ae 1 
CHICAGO COMMITTEE ON GAS, OIL AND ELECTRIC LIGHT...... 1 
CITY AND GUILDS ENGINEERING COLLEGE.................. 1 
CLEVELAND ENGINEERING SOCIETY.).4.4-poeee eee 1 
CONGRESO CIENTIFICO (1° PAN AMERICANO)............... 2 
CONGRESSO INTERNAZIONALE DELLE APPLICAZION. ELET- 
TRICHE,. 0s ile gegeliatie frase ns het ee A ea il 
CROCKER, PRANCIS  Biiirg <is(ccrc/ see ae arta eee eee ee ee 5 
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DEPARTMENT OF TERRESTRIAL MAGNETISM...........-00055 1 
BERCERIG RATE WAY JOURNAL tis). ang OM sainin se 5 aes ee 
BEE CEREC ATM WO RED ceryepercp meas erie lee etaiccu chou <opovilen a drs ai ehighohie telomere 1 
ELECTRO-TECHNICAL LABORATORY, TOKYO...........200 000+ 2 
ELECTRO-TECHNICAL LABORATORY, DEPT. OF COMMUNICA- 
THO THOT ORG ise oS aoe oA ake ON a re OO Ieee CAEP ONES 2 
ENGINEERS) CLUB OF PHILADELPHIA. . caccc cs enn s Serene custele 1 
ORD EE ACON] Gz DAVIS ee ctrl ewarcuoveren ous reneusresentensi gersucictclsts etete 1 
ROWER) RovPee cise << stsuseton ic Bae EIS Ae ches Ae A AR E ate Nee 2 
BFOWEER® Co Bais cicse sic Geese ea Tere cite 3 hows SO ih 
FRANKLIN INSTITUTE....... EO Gan cnsin s Cra Rae SAGER cL 
GENERAL RAILWAY SIGNAL COMPANY...........-- See 1 
GAUTHIER=VILLARS soe elfeles tte , Eee OUTS 2 
HAMMER SGWILDIA Ms} on acbeis lane a olelsy accrual © kd ATLA BALE SIS yiel 
TIERMANNG ED) PIT Sissi cusicrrs ous Pioheme ent te tet ieee kar eae sitaPe fs P) 
ELUPLCHEN'S ONG Bend eiske opeichche texeuc ie tas csichs enck None sokeitene octets n-et ar at eter 1 
ILLUMINATING ENGINEERING SOCIETY... 4... o - Jace 22 il 
INSURANCE SOCIEETY: OF UNE W GVORE:s cristo eiiteis see) =) cial stele 1 
TOWACENGINEER RENGISOCIE DT Verret ele ee ieiaee wots) otieieeteliel's >) <1) rer 1 
PAINE GR ge ert at niet 8 3 on Et Ret Oe ONE Cael cin ene eae ok ee 1 
TONELGIER Se Mires ene sitet a elect ote otenctetatens chenele Serna lenads) svat cv ich 1 
JOSEPH DIXON CRUCIBLE COMPANY....-.-.-6 e+ ee ee eeeeeee ey al 
KANSAS ENGINEERING SOCIETY.....-6.-00ceneeneccecrsees 1 
KENNELLY, As Eset chia Arce te Abi sh Pa a eee ee ge oe 4 
REPRO GAGS E Rimmer seucnsieese we oie > RR tee en el Sete eee 1 
KNOWEESH EDWARD) Rises aieieiisisi+itlebete ete ci ss icbeen amine ay erue 57 
KOWALEUK ORES Wisc cinict trie ste leielatetet etencsniel ee fale Iele te efoto 2 3 
LLOYD'S REGISTER OF SHIPPING.......2.-- 222 eesseereceeee 1 
TOSIANGEERE GSE XAMINER Serena haces Oe wel ee i 
LM AOA Ion ceoeso 8 46 obiae 7 ld 6.0 OD 7 Ou reE SCRE SO 2 
LUMIERE ELECTRIQUE.. Ee BPR Pe js Cine ME! oi saat ge 
MARYLAND PUBLIC SERVICE COMMISSION Be NRE Sere tee teal 1 
MASSACHUSETTS BOARD OF GAS AND ELECTRIC LIGHT COM- 
MTSONIDNSs os ons 00 6 ob oo On Oe Oo Cm oO OC 1 
MASSACHUSETTS INSTITUTE OF TECHNOLOGY....-.--++-++-005 1 
AE AC AE ROE NY MMMM T iia lecarle chek (ioe ar spavhabs regi dee a tee ohm esis aate 6 
MINISTERIO DA VIAGAS E OBRAS PUBLICAS, BRAZIL.......-- 2 
MINISTERO DELLE POSTE E DEI TELEGRAFI....-..--+++++-++ 1 
MUNICIPAL ENGINEERS OF THE CITY OF NEW YORK.......--- 1 
NATIONAL ELECTRIC LIGHT ASSOCIATION ...--+-++ esse errr 1 
“ C oi & BOSTON SECTION.... 1 
NATIONAL FIRE PROTECTION ASSOCIATION.....++-++++ee0005 5 
NEW ORLEANS SEWERAGE AND WATER BOARD.....--+++++-- 
NEW YORK (CITY) BOARD OF TRADE.:...--+-+-+++-++00+ Gated 
NEW YORK (CITY) BOARD OF WATER SUPPLY.....---+---+++: 3 
NEW YORK (CITY) DEPARTMENT OF WATER SUPPLY, GAS AND 
MUIR a ohogcadd ae uno0 bo IORGh DOO GE eo oe Ao oe 1 
NEW YORK (STATE) DEPARTMENT OF LABOR....---+ +--+ +++: 4 
NEW YORK (STATE) PUBLIC SERVICE COMMISSION....-..--- Se, 
1 


NORSANER DINZ Da shel cteniatemarmeiewtanen sro arsversie cP creer, 2 1c efeliceees 


1904 


OESTERREICHISCHER INGENIEUR UND ARCHITEKTENVERE N.... 
PENROSE, CHARLES........... wwe 


PIERCE, A. L.... 


PULLIGNY, L. DE 


REED, HENRY D 


SAINZ, J... 


STREET RAILWAY ASSOCIATION OF THE STATE OF NEW YORK... 


Poe e 2 66 Be. T7w ele 6s we de soe Da 6 bie 


POLYTECHNIC INSTITUTE OF BROOKLYN............ 
PREFECTURE DE LA SEINE 


eae 


TELEPHONE PIONEERS OF AMERICA 


THOMPSON, 


ULISSE DEL UNONO 


Sin ens 
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SCHOOL OF ENGINEERING OF MILWAUKEE........ 
SIMON, ARTHUR... 
SOCIETY FOR THE PROMOTION OF ENGINEERING EDUCATION... 
SOCIETY OF CHEMICAL INDUSTRY 


SUMMARY OF ACCESSIONS 
May 1, 1918—April 30, 1914 


RR Oe i ot tt 


ID OROtSE ate eee eT ahligei Oh ies ae ees Te Cee ee 185 
EXGDAUGOa2)§ icke oe eee oc eee ee oi uvieuscand 450. dlyAd) 
Purchase and old materials s.gy.oe oy eee Pee 122 
Total Jaccessionse. | pain eee 477 
STATISTICS OF LIBRARY May 1, 1914 
Source Vols. Pamphlets Valuation 
> 
Report of May 1, 1913... 16,843 | 1652 $34,432.75 
Purchase®. 4.0 mee 109 1 218.25 
Gifts and exchanges...... 318 37 645,25 
Old material accessioned., 12 24.00 
SS | ee EE eee 
17,282 1690 $35,320.25 


[May 19 


———- = 


1914] REPORT OF BOARD OF DIRECTORS 1905 


LIBRARY ATTENDANCE 


Day Night Total 

May sO WIG, alban Gre tae RO pick ee oe ee COD 793 215 1,006 
June LR i eae ROR a ty Ce eee ea 579 142 721 
July CY cee ay Sore SSS Se is fans fa re es 652 closed 652 
August Cpe tls MS eee oe Soom oe 612 79 691 
Replerl bere ae. seavcrercraisie aisles ie oie ye.s wis foeifois sie Are a6 715 197 912 
October Se eats aehic GG Di Ore eee DIO eS Bacar 894 212 1,106 
NGagertes 1S Soethecoe es coe ob Comentarios 856 235 1,091 
December ee ee UAE SEAT cr fore hale eee 1,037 286 1,323 
January fp ree od tree aap Sieh Sonate ccc stis agarose 1S 302 1,417 
February RP OR eee fer spire Rice eae) eiefela meres 949 293 1,242 
March ae ep EE Hen eng aera ie 984 339 1,323 
April EE Poet chy Sota stots Meth Ores shes beageL ea "Aral S 936 309 1,245 
Total May 1913-April 1914.............---+-- 10,122 2607 12,729 

Total May 1912-April 1913............--.0+:> 7,667 2280 9,947 


In the following table are given figures for the total valuation of the 
library property, no allowance having been made for depreciation: 


Rog ke se seine a ees A SeprpeSooslOn2O, 


SHOES 5 Sisecod sods Jo poe Teepe aoc 0 one aG ino OnE a 1,761.05 
Furniture, catalogue cases, €tC....... 6. ee rere ener 376.00 
Wiheelercases;.cs-ee¢-50- seas cserrncveee ene 930.00 

$38,387 .30 


The following tabulation gives the state of the accounts from which 
the Library Committee is entitled to draw: 


MatILLoux ENDOWMENT FUND ($1,000) 


(Proceeds for the maintenance of specific sets of periodical publications). 


Balance May 1, 1913.........- \.. $77.55 Expended......2.52-+ +22 +++2*> $26.75 
JR eeeinnn Go OG otaO GOO COD OmDS 45.00 Unexpended........-+-+-++eeres: 95.80 
$122.55 ' $122.55 


INTERNATIONAL ELECTRICAL CONGRESS OF Sr. Louis, 1904, FUND. 
(Proceeds available for the purchase of non-American international electrical literature). 


Invested in New York City Ax OBO save te etoneiietnie vnc eas iss ager teat seis $2268.00 
Pari Onsttortie EG d Sete serena ia she edo eras iio t eS 28 SG 81.00 
ANSP NEE RGly caols cation blo ons acu Oy oi, TO lo-cri is OO Re eS A cate $2349.00 

Balance on hand May 1,1913...... $395.24 Expended......----++++++s20'+ 0.00 
Tasteresta mite wile stele sasledste a clones 90.00 Unexpended........---+++++++5 485.24 
$485.24 $485.24 


During the year the General Library Fund, amounting to $284.92, 
and the Weaver Fund, amounting to $6.69, were expended for the pur- 
chase of books for the library, and therefore these two accounts do not 
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appear in the statement given above, nor are these amounts included 


in the record of expenses given below. / 


INSTITUTE EXPENSES ON ACCOUNT OF LIBRARY. } 
Share of salaries of librarian, assistants, cataloguer and desk attendant (one- 
third from May 1, 1913 to December 31, 1913, and one-fourth for remainder 


otvearending May: L31914)\., see. te een conse ne ne ole oer a ene oe $2600.40 
Share oilibraryrsistpphesy ut. wie site Se eitel cence ea oe eee eect eee 137.02 
*Books:andipesiodicals::4s. Sees 1c a note oe eee eee 150.18 
ENSURAnCe, says. teleost lessee arevart epsyae cise eee SEE Ee 88.21 
Binding. cosas saebiastant athe waciite see cine sneeia tome ae ee 334.85 
$3310.66 


Respectfully submitted, 
F. L. HutTcHinson 
F. B. JEWETT 
Matcotm MacLAarEN 
W. I. SLICHTER 
SAMUEL SHELDON, Chairman. 


Railway Committee-——The Railway Committee has endeavored to 
make progress in getting comparisons of actual equipment and opera- 
ting costs characteristic of the various direct-current and single-phase 
electrical installations connected with trunk line traffic, but thus far has 
been unsuccessful, because, while some of the officials concerned have been 
willing to make the necessary exhibits, they have found themselves unable 
to do so without the codperation of all concerned. Efforts to this end 
have therefore been deferred for the present. 


Electric Illumination Committee.—This committee was not appointed 
until November last, by which time the Institute’s work for the adminis- 
trative year was well under way. The committee has held one meeting 
and has had considerable correspondence, including negotiations with the. 
[lluminating Engineering Society with regard to joint work and obtaining 
papers on the subject of illumination for the Annual Convention and later 
meetings of the Institute. 


Electric Power Committee.—The Electric Power Committee has been 
principally engaged with the formation of its plans for the development 
and holding of the Midwinter Convention. It is anticipated that during 
the remainder of the year an outline will be prepared of the standardi- 
zation work which can be desirably handled by the committee and of the 
specifications which may be outlined by it. Preparations are also being 
made to take care of one session of the Annual Convention in Detroit. 

The activities of the sub-committees on Power Stations, Power Gener- 
ation, Transmission, Distribution, Economics and Engineering Data are 
covered in the following abstracts, 


Power Stations Sub-Committee —The Power Stations Committee held 
many meetings in Boston, which were generally limited to those members 
residing in Boston and its vicinity, and it also had considerable corres- 
pondence with distant members, with the object in view of outlining the 
duties of the committee and carrying them out efficiently. The com- 


‘*To obtain the total expenditures for books for the year, the amounts expended from 
the General Library Fund and the Weaver Fund should be added to this sum, thus 
making the total expenditures for books $441.79. 
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mittee took the responsibility for one of the sessions of the Midwinter 


Convention in New York in February, and provided papers for that 
session. 


Power Generation Sub-Committee.— Under the auspices of this com- 
mittee there was presented at the Midwinter Convention in New York a 
paper by Dr. Cary T. Hutchinson, on The Economical Capacity of a 
Combined Hydroelectric and Steam Plant. 

Transmission Sub-Committee.—The Transmission Committee provided 
the papers for one of the sessions at the Midwinter Convention in New York 
in February. The principal paper consisted of a general report compris- 
ing data and records of experience contributed by the various members 
of the committee. Appended to the report were four short articles all 
relating to the general subject of transmission. 

Distribution Sub-Committee —The Distribution Committee prepared a 
report with nine appendixes, each covering a specific branch of electrical 
distribution. The report proper referred to some of the newer and larger 
general problems and the tendencies in generalized distribution. The 
report and appendixes, covering practically the entire field of electrical 
distribution, were presented and discussed at the Midwinter Convention. 


Economics Sub-Committee —The Economics Committee has concen- 
trated its energies upon an effort to arrive at a proper method for recording 
power costs. The object to be attained is to record these costs so that the 
results will permit a true comparison of stations operating under different 
circumstances. 


Engineering Data Sub-Committee —The Engineering Data Committee, 
in cooperation with the Handbook Committee and the Electric Power 
Committee, provided the program for one session at the recent Mid- 
winter Convention. The committee has in hand, and now has revised 
and ready for approval, the model or skeleton high-tension insulator 
testing specification which was prepared last year by the High-Tension 
Transmission Committee. It is believed that this specification will be 
found of considerable value in an educational way and in the establish- 
ment of uniformity in practise in insulator tests. The committee has 
also been continuing the collection of data on high-tension plants which 
was initiated last year, and now has in hand reports from some 20 com- 
panies, most of them containing valuable material. These are being 
analyzed and it is expected that the analysis will be completed for the 
Annual Convention. The committee is also trying out the plan of send- 
ing circular letters to a selected list of engineers asking for their experience 
or practise in regard to some particular question of engineering interest, 
usually at the request of some member wishing information on that partic- 
ular topic. Such pertinent replies as are received are embodied in a cir- 
cular letter and sent to the appropriate list of members. 

Industrial Power Committee.—This committee was not appointed 
until late in October, at which time the schedule of regular meetings for 
the year had been practically decided upon. Consequently, the com- 
mittee has concentrated its efforts towards arranging for papers to be 
presented at the Industrial Power session at the Annual Convention 
in Detroit in June. It is hoped that these plans will result in a satis- 
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factory meeting. The committee expects to arrange an exhibit of moving 
pictures of the iron and steel industry for the Annual Convention. 

Telegraphy and Telephony Committee -—The Telegraphy and Tele- 
phony Committee held no meetings during the year, owing to the wide 
geographical distribution of its membership. Under arrangements with 
the Meetings and Papers Committee it accepted the responsibility for 
the program of the Institute meeting held in New York on March 13, 1914. 
The Institute of Radio Engineers was invited to participate in this meeting. 
Three papers were presented; one dealing with railway telephone and 
telegraph practise, another with a study of telephone traffic in automatic 
systems, and the third with long-distance radio transmission. 

The chairman had considerable correspondence with the members of 
the committee in regard to the collection and compilation of engineering 
data in the allied fields of telegraphy and telephony. A number of pro- 
posals were advanced by certain members of the committee, and these 
were submitted to the whole committee for discussion, but no decisive 
action resulted. 

Electrochemical Committee——The work of the Electrochemical Com- 
mittee for the past year has been largely devoted to attempts to obtain 
suitable papers on electrochemistry treated from an engineering viewpoint. 
Owing to the scattered geographical distribution of its members it has 
been necessary to carry on the work through correspondence. Three 
Papers were promised during the year, of which one will be presented at 
the Annual Convention. The remaining two papers are nearly completed. 
and are definitely promised for next season and may be available in the 
fall. 

The committee has also considered the question of collecting technical 
data in the electrochemical field with a view to collating this for publica- 
tion under the auspices of the Institute, in line with similar work which 
is being carried on by several of the other technical committees. Many 
difficulties have been found in the way of this work, however, and no ac- 
tual data were collected during the year. One feature that appears 
in the way of collecting engineering data relating to electrochemistry is 
the fact that some of the electrochemical industries have not been stand- 
ardized to a sufficient extent to justify the standardization of the engineer- 
ing data relating to these industries. Further, such data as the ordinary 
chemical and electrochemical constants would seem to be more properly 
collected in handbooks and textbooks, while new data of this kind would 
seem to be more properly collected by the Electrochemical Society. 
This society has a committee on electrochemical standards and units. 


Electrophysics Committee.—The work of the Electrophysics Com- 
mittee has been directed (1) to the securing of papers on subjects relating 
to the physical theory underlying electrical engineering, (2) to the stimu- 
lation of interest in experimental research, and (3) to the arrangement of 
a joint meeting of the Institute and the American Physical Society. 

Up to the present time 10 papers have been considered. Five of these 
were presented at the Washington meeting, April 24 and 25, two are under 
consideration for the Annual Convention, and two have been rejected as 
unsuitable. Promises have also been received of two additional papers. 

Through correspondence the committee has continued its efforts to 
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secure a list of promising subjects for research. So far the results of this 
attempt have not been numerous, but it is hoped that by continued effort 
in this direction valuable material may eventually be collected. 

The committee arranged the Institute meeting held in Washington 
April 24 and 25 in codperation with the American Physical Society. 
The coéperation of the National Bureau of Standards and the Baltimore 
and Washington Sections was also secured. Arrangements were made 
for an interesting exhibit of measuring instruments and other apparatus 
relating to electrical engineering. 

Committee on Use of Electricity in Mines.—During the past year the 
committee has given considerable attention to the question of regulations 
for electrical installations in mines. After a study had been made of the 
situation it was decided that it would be desirable to obtain a discussion 
of mining regulations from individuals interested in this work. There is 
no recognized standard for electrical work in mines, and on account of the 
increasing importance of this work it was considered that some standard- 
ization is desirable. A two-day meeting of the Institute was held in 
Pittsburgh on April 9 and 10, at which various European and American 
mining codes were discussed. In addition a number of papers were read 
which produced an interesting exchange of ideas. It was suggested 
that the subject of electrical installation in mines should receive attention 
from the committee for 1914-1915, with the object of obtaining joint 
action with other national societies toward the formation of a set of rules 
meeting with the approval of mining and electrical engineers, which could 
be used as a basis for standardization and future legislation by state 
governments. 

Committee on Use of Electricity in Marine Work.—This committee 
has provided the two papers which will be presented at the New York 
meeting on May 19. These are, Electricity the Future Power for Steering 
Vessels, and The Future of Electric Heating and Cooking in Marine Service. 
The committee has held two meetings during the year and steps have been 
taken toward the formulation of rules covering electrical installations on 
shipboard, and the collection of data showing present good practise in 
marine installations. 

Committee on Electrically Propelled Vehicles ——In view of the rapid 
growth in the use of electric vehicles for both pleasure and commercial 
purposes it appeared advisable to have an Institute Committee on Elec- 
trically Propelled Vehicles. The committee has held only one formal 
meeting, but the chairman has been in communication with the various 
members of the committee throughout the year. The general opin- 
ion of the members of the present committee is that the committee should 
confine its attention to the engineering features involved in the design and 
use of electric vehicles, and that questions of standardization of equipment 
and parts should be referred to the Standardization Committee of the 
Electric Vehicle Association of America. 

At the request of the chairman of the Standardization Committee 
of the Electric Vehicle Association of America, the Committee on Elec- 
trically Propelled Vehicles has requested the Standards Committee of the 
Institute to approve the standard charging plug adopted by the Associa- 
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tion, and has also requested the Standards Committee to endeavor to 
secure the adoption of this plug by the U. S. National Committee of the 
International Electrochemical Commission. 

. Committee on Records and Appraisals of Property.—This committee 
has decided that its efforts this year should be directed chiefly to formu- 
lating, as far as possible, a statement of the general principles which — 
should underlie the production of correct appraisals and records of prop- 
erties, and that it would be better not to attempt tolay more than a 
basic foundation upon which next year’s committee can work. 

Prime Movers Committee.—The Prime Movers Committee is now 
engaged on a report which it is hoped will be presented at the Annual 
Convention, covering the present status of the art of prime movers. 
This report will not only cover the relative efficiencies, but also the eco- 
nomics of the situation. 

Educational Committee——The Educational Committee planned to 
prepare a report dealing particularly with the development of more 
effective means of utilizing existing institutions for vocational training. 
The committee has been in correspondence with the secretaries of the 
Sections of the Institute, and individual members of the committee 
have under way special studies, all bearing on the same general subject.. 
The report is nearing completion, but it will not be possible to present 
it at the Annual Convention as it was hoped could be done, and therefore 
it is now planned to refer it to next year’s committee. 

Committee on Technical Lectures——In accordance with suggestions 
received at the time of its appointment, the Committee on Technical 
Lectures arranged for two lectures on the subject of ‘‘ The Electromagnetic 
Theory and Its Relation to the Science of Electrical Engineering of the 
Present Time,’ by Dr. M. I. Pupin, Professor of Electromechanics at 
Columbia University. These lectures were given in New York on April 
29 and May 6, and were largely attended by Institute members and others. 

The committee has considered the subject of arranging for represen- 
tatives of the Institute to deliver popular lectures on engineering subjects 
in codperation with the boards of education of various cities. It is 
the sentiment of the committee that it is desirable that this work should 
be undertaken next year. ; 

Editing Committee.—Twelve numbers of the PROCEEDINGS have been _ 
published under the auspices of the Editing Committee since April 30th, 
1913; the total number of pages being practically the same as for the _ 
past two years. During the past year the committee adopted the policy 
of cutting down the discussions before sending the stenographer’s reports 
to the various speakers for revision. By this means the length of discussion 
is indicated by the Editing Committee in advance, and considerable cor- 
respondence.in regard to condensation of discussion has thereby been | 
eliminated. This practise has apparently proved equally satisfactory 
to the authors and the Editing Committee. During the past year the _ 
separate pages for the titles and abstracts of papers in the PROCEEDINGS 
have been eliminated and the abstract included on the title page as part 
of the paper. The typographical style of the PROCEEDINGS has 
thereby been improved and a saving of over $1,000 effected by the 
elimination of two pages for each of the papers published. The change 
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in the weight and character of the paper on which the 1912 issue of the 
TRANSACTIONS was printed permitted this volume to be issued in two 
parts instead of three as in the previous year, thereby effecting considera- 
able saving in shelf space for the volume as well asa substantial saving 
in cost of publication. 

Indexing Transactions Committee.—The Index to the TRANSACTIONS 
covering the period from 1884 to 1910 was completed last fall. Volume 
II, covering the years 1901 to 1910, was issued in September, and Volume 
I, covering the years 1884 to 1900, was issued a few months later. An- 
nouncements that the volumes were ready and would be sent gratis to 
any Institute member desiring them, were published in the September 
and December 1913 issues of the PROCEEDINGS, together with full 
information regarding the index, and the volumes have since had a wide 
distribution. 

The index consists of two separate parts, each intended for a distinet 
purpose. 

1. An index of papers in which they are classified in natural groups and 
arranged chronologically in each group. In each case the title and author 
are given, with a brief synopsis of the contents of the paper, and the names 
of those who took part in the discussion. Reference is given to volume 
number, year and page. 

2. A topical index of specific data and information arranged alpha- 
betically. This part of the index furnishes a guide to all the information 
contained in the TRANSACTIONS, and is grouped naturally under nouns and 
phrases, followed by modifying adjectives and sub-classes, all arranged 
alphabetically. % 

An index arranged on a similar plan, covering the matter contained in 
the papers and discussions during the year, is now published in each 
annual volume of the TRANSACTIONS, beginning with 1911. 

Public Policy Committee.—The Public Policy Committee has held 
three meetings to consider and report upon matters referred to it 
by the President and Board of Directors; namely, the matter of sending 
a memorial to the President of the United States urging the appointment 
of one or more engineers on the Interstate Commerce Commission; to 
consider the continuation of the Institute’s representation on the Ad- 
visory Board of the National Conservation Congress; and, to consider 
the invitation from the Secretary of the Interior, to confer with him on 
the subject of proposed legislation to govern the issue of permits for 
hydroelectric development on the public domain. 

Patent Committee.— At the request of the Patent Committee a meeting 
of the Public Policy Committee was called in April to consider certain 
information which had been brought to the attention of the chairman 
of the Patent Committee in regard to the U. 5. Patent Office. As a 
result of the meeting the Public Policy Committee recommended the 
appointment of a special committee of the Institute to appear before the 
House Committee on Appropriations, in Washington, and urge the in- 
clusion in the Sundry Civil Bill of the sum requested by the Hon. Thomas 
Ewing, Commissioner of Patents, for the preparation of plans for a new 
Patent Office. 

Committee on Relations of Consulting Engineers.—This committee 
has kept in touch with the practise and experience of the American In- 
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stitute of Consulting Engineers in the use of the schedule of recommended 
charges adopted by that Institute, and has collected valuable data re- 
lating to the regulations governing the fees of architects and consulting 
engineers as adopted in certain foreign countries. 

Committee on Code of Principles of Professional Conduct.—This com- 
mittee has had nothing referred to it for action during the year. The 
code as adopted two years ago has been used as a basis by other societies 
and organizations for the formulation of codes of ethics or principles of 
professional conduct for themselves. 

Constitutional Revision Committee.—As reported to the Board last 
January, the general sentiment of the Constitutional Revision Committee 
was that the best interests of the Institute would be served by not initiat- 
ing any amendments to the Constitution this year. There are a number 
of minor points in the Constitution which could be made clearer or more 
consistent. Such changes might best be brought to the attention of 
the membership for vote when important constitutional changes are also 
to be voted upon. 

It is thought by the committee that the present Constitution goes too 
much into detail with reference to certain matters, particularly concerning 
committees. The duties of certain committees, presumably the Executive 
Committee, the Board of Examiners, the Tellers, Finance, Sections, Edit- 
ing, and Meetings and Papers Committees, should be dealt within the 
Constitution. The other committees might be more properly regulated 
by the by-laws. 

U.S. National Committee, International Electrotechnical Commission.— 
The Commission held a meeting in Berlin in September, 1913. The 
U. S. National Committee was represented at this meeting by President 
Mailloux and Messrs. Bell, Hobart, Kennelly, and Sharp. An advance 
report of the meeting was prepared by the Secretary of the American 
delegation and printed in the Institute ProceEpincs for November 
1913, pp. 2148-2162. 

Since the date of the last committee report in May 1913 the following 
publications have been issued by the Central Office: 

June 1913, No. 23 List of Members 
June 1913, No. 24. Fourth Annual Report to December 1912 
Nov. 1913, No. 25. Résumé of Meetings of Special Committees 
held in Berlin, September 1913. 
Dec. 1913, No. 26 Résumé of Meetings of Special Committees 
held in Berlin, September 1913. 
Jan. 1914, No. 27 International Symbols Adopted at Berlin, 
September 1913. 
Mar. 1914, No. 28 International Standard of Resistance for Cop- 
per. 

Several meetings of the committee have been held during the year 
and communication has been maintained with the other national com- 
mittees, on various topics, through the Central Office in London. 

In many ways the I. E. C. has accomplished and is accomplishing 
results of widespread benefit. The U. S. National Committee continues 
to take a prominent and active part in this work as it has in the past. 

Committee on Organization of International Electrical Congress.— 
During the year ending April 30, 1914, the work of organizing the Inter- 
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national Electrical Congress has taken definite form. Early inthe year 
the Executive Committee of the Committee on Organization was re- 
organized with a chairman, a vice-chairman and seven members, most 
of whom are chairmen of sub-committees charged with the responsibility 
of the proper conduct of certain phases of congress work. An Honorary 
President and Honorary Secretary of the Congress were also appointed, 
both of whom are ex officio members of the Executive Committee. 

President Mailloux also appointed as Honorary Members of the Com- 
mittee on Organization prominent engineers in foreign countries, bringing 
the total membership of the committee up to about 335 members. 

The Executive Committee has been invested with plenary powers to 
conduct the organization work on behalf of the committee at large. 

A number of important steps were taken by the Executive Committee 
during the year toward promoting the successful organization of the 
Congress. Membership fees were fixed at the lowest practicable point, 
with the object in view of securing the widest possible dissemination of 
the Congress transactions and the largest practicable membership. 

Invitations to subscribe to membership in the Congress were issued 
beginning about March 1, 1914. These were sent first to Institute 
members, and are now being issued in European countries. Invitations 
to present papers before the Congress have been issued to a carefully 
selected list of approximately 150 engineers in countries other than the 
United States. Similar invitations will shortly be issued to American 
engineers. Steps are being taken to secure official governmental represen- 
tation in the Congress. 

The committee reports an encouraging display of interest in the 
Congress, and the conditions appear propitious for a highly successful and 
very useful Congress. 

Edison Medal.—By the unanimous vote of all of the members of the 
Edison Medal Committee, the fifth Edison Medal was awarded on 
December 10, 1913, to Mr. Charles F. Brush, of Cleveland, Ohio, “ for 
meritorious achievement in the invention and development of the series 
are lighting system.’’ The presentation will be made during the Annual 
Convention at Detroit. 

Board of Examiners.—The Board of Examiners has held 11 meetings 
during the year. It has examined and referred to the Board of Directors 
with its recommendations a total of 1373 applications of all classes. A 


summary of these is as follows: 


Recommended for election to the grade of Associate...... 685 

Recommended for election to the grade of Member....... 45 

Recommended for election to the grade Om Mellow. . 3 

Not recommended for election to the grade of Associate... 1 

Not recommended for election to the grade of Member.... 9 

Recommended for enrolment as EUG ett SMe Ieee rasta. ¢ 519 1,262 

Recommended for transfer to the grade of Members... 46 

Not recommended for transfer to the grade of Member... 20 

Recommended for transfer to the grade of Fellow........ 34 

Not recommended for transfer to the grade of Fellow..... 11 ial 
1,373 


Total number of applications COMSIC ete Gunite me reais eer: 
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Membership.—The Membership Committee deemed it inadvisable to 
attempt a membership campaign by direct circulation of literature solicit- 
ing new members. It was felt that this work could be carried on to better 
advantage through the Sections, and accordingly, a circular letter was 
issued inviting their coéperation. Many of the Sections have active 
membership committees and all of them are codperating in advancing 
the interest of the Institute by obtaining desirable new members. The 
following table shows the number of members in each grade, the total 
membership, and the additions and deductions which have been made 
during the year. 


| 
Honorary | 
Member | Fellow Member | Associate Total 
| | 
Membership, April 30, 1913. 5 316 / 847 6486 7654 
Additions: | 
Elected aie sratsresrcne a eesencce 1 4 42 700 
ransferred aca... tle ae 121 264 
Reinstatedass screen. | 6 44 
Deductions: | | 
Died) ceva teaticn si Seivelte 1 | % Uf 28 
Resigneditass «4 tres, sevaniere 1 6 138 
Dropped@scvera nee: | | 9 384 | 
Transferred vei wn 2.02 | | 110 275 | 
Membership, April 30, 1914. 5 | 439 1027 6405 7876 
| L 
Net increase in membership during the year.................... PPA) 


Deaths.—The following deaths have occurred during the year: 

Honorary Member.—Sir William H. Preece. 

Fellow.—Stephen D. Field. 

Members.—Julius C. Calisch, Richard N. Dyer, Edwin J. Houston, 
Francis W. Jones, F. V. T. Lee, W. D. Marks, W. A. Pearson. 

Associates.—L. E. Beilstein, R. E. Bowser, E. A. Byrnes, J. R. Calhoon, 
M. M. Corbin, C. E. Delafield, R. M. Ferris, E. M. Filine, H. H. Fulton, 
L. J. Gallagher, P. F. Harbolt, L. D. Hitzeroth, R. M. Hopkins, George R. 
Kempton, J. A. Kraeuchi, A. W. Lindgren, L. N. Peart, William Patni 
David H. Roberts, A. G. Rodgers, Eugene Romig, Clinton B. Smith, 
Wilson B. Strong, H. H. Struthers, C. Edgar Titzel, George Westinghouse, 
C. W. Whitman, Sidney Woodfield. 

Total deaths, 37. 


Finance Committee.—The following correspondence and financial 


statements form a complete summary of the work of the Finance Com- 
mittee for the year. 
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New York, May 12, 1914. 
BoarD OF DIRECTORS, 
American Institute of Electrical Engineers. 
Gentlemen: 

Your Finance Committee respectfully submits the following report 
for the year ending April 30, 1914. 

During the past year the committee has held monthly meetings, 
has passed upon the expenditures of the Institute for various purposes, 
and otherwise performed the duties prescribed for it in the Constitution 
and By-laws. Haskins and Sells, chartered accountants, have audited 
the Institute books, and their certification of the Institute finances 
follows. 

In company with your Secretary and a member of the firm of char- 
tered accountants, the committee has examined the securities held by 
the Institute and finds them to be as stated in the accountants’ report. 

Early in 1913, in consequence of certain extraordinary expenses 
incurred during the previous year, the Board was obliged to negotiate 
a loan of $10,000 in order to meet the Institute’s current obligations. The 
note was taken up several months later, when funds began to accumulate 
through the payment of dues, but it appeared inevitable at the time that 
a similar condition must arise early in the present year. Such, however, 
has not been the case; the income from dues has been sufficient to meet 
all expenditures and to take up the note referred to, without in any way 
curtailing the Institute’s activity. In fact, its field has broadened con- 
siderably during the year. 

It will be noted that there is a surplus of $14,966.39 for the fiscal year. 
Of this amount, $3,805.94 is made up of accessions to the Library—vol- 
umes and fixtures and to works of art. 

A change has been made in the form of the report, which will be 
particularly noted in Exhibit B, the report for the past fiscal year stating 
the revenue and the expenses for the year, in place of receipts and dis- 
bursements. This change we believe will show more clearly the financial 
operations than the form previously employed. 

It will also be noted that the financial affairs of the Institute are in 
excellent condition, and there is every reason to anticipate that the 
coming year will prove equally prosperous, which should enable the In- 
stitute to take care of the amount it has underwritten in connection with 
the International Electrical and International Engineering Congresses, 
to be held in 1915, without impairment of its invested surplus. 

Respectfully submitted, 
J. FRANKLIN STEVENS, 
Chairman Finance Committee 
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AMERICAN INSTITUTE OF 


GENERAL BALANCE SHEET 


ExHisiT A. 
ASSETS. 
LAND AND BUILDING: 
Interest in United Engineering Society’s Real Estate, No. 
25 to 33 West 39th Street: 


IB tlie eee tne ce a tae ee aoe te icketare eet Petra esa eters $353,346.61 
One-third Costiot Lands... sic.-clx-sieelnen cere ica ccelde.> € wreews 180,000.00 
Dotal andiand Buildings... se sleielv<icieleis e's pee oe $533,346.61 
EQUIPMENT: 
Library—Volumes and Fixtures...........02e2ceeeseeeee $38,387.30 
Works of Art, Paintings, €0Ctaisicteae cle ciere Sire aie, eee aoa 8,001.35 
Office Purniture‘and( Bixtures, J .oae see oe eens cements 10,786.11 
Total Bquipmentse.entonset crises sete omnes ree 52,174.76 
INVESTMENTS: 
Bonds: 
New York City, 44%, 1917, Par $8,000.00............ $8,362.50 
New York City, 44%, 1957, Par $22,000.00............ 23,590.00 
City of Wilmington, Delaware, 44%, 1934, Par $15,000.00 15,997.50 
Chicago, Burlington & Quincy Railroad Company, 4%, 
LOSS Par $15,000 00lt sa. Gar cee vce te eee 14,606.25 
otal TAvestimentSsiwocso nese secant eee s nae eee 62,556.25 
WorkING ASSETS: 
Publications entitled ‘‘ Transactions,” etc............-0+> $8,674.25 
BARES cata oleunah tama wistoleloraie Ricistarote aiume or Seite Ge ELIC eREN eo 911.15 
Total Working: Assetse camceas xte.os cee e eoistenoes 9,585.4 
CuRRENT ASSETS: 
ABIL cietye  WNayevstere «alate <inudie deve aseratehe Gis s aechs le atte este aie Ue Re ral $3,410.26 
Accounts Receivable: 
Members for entrance fees and past dues.............0 9,640.50 
A Gvertisens’ «fis ae ewe sisi O anne Te «ORE Oe ie 1,564.75 
Miscellaneous: sansa curate sete hs Dee Ee ee 999.15 
Interest Acerued—Investments, +s... .cueemmse seceded Gheus 831.25 
Interest Accrued—Bank Balances.............cccceccece (hho le 
otal Current Assets: <a ien Matec tien ik taccs este 16,523.08 
Funps: — 
Land, Building, and Endowment Fund: 
Cashisteeasth Wotan Mine ake cantante Fee $7,513.54 
Toberesti Accried: ena faa wenn. Mamta 78.20 


‘ == $7,591.74 
Life Membership Fund: : 
CAST sow auteaaiace Nxeaeecies nine ce ean ee $5,431.91 4 
TnterestACCHed.y str. cine nrareetoeemareneersietietes 69.00 
F —-— 5,500.91 P 
International Electrical Congress of St. Louis— ; 
Library Fund: 
(Opts sey AaB erie Fis Sass rae Ma de $566. 24 
New York City Bonds, 44%, 1957, Par 
D2; 000 OO Csi: ois sida eee ence mic ee 2,268.00 
InperestrAccrucd’. cistern me mien 45.00 
2,879 .24 
MAILLOUX Funp: 
Gash insets nentcrccerea te ciel s ret mere Eee 95.80 ; 
New York Telephone Company Bond, 43%, i 
OSD st ereprsmncrneic cts or reece Ct ee 1,000.00 
Interest] Accritedi mea smiscceunen settee ne 22.50 
—__—_—_——_. 1,118.30 
Total’ Pandse ans anos eee ee 17,090.19 
Total 


soouehenapatele se fesereostaveve tuferstatseree tet $691,276.29 
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ELECTRICAL ENGINEERS 
ApriL 30, 1914 


LIABILITIES. 
Bond and Mortgage—United Engineering Society—One-third 
Interest in Land, 25 to 33 West 39th Street............-- 


CURRENT LIABILITIES: 
Accounts Payable—Subject to Approval by the Finance 


(Olt Os AA COB AS OSE ROO IUD Bao UO OnO - bsomiotes oi 5,561.78 
Interest Accrued on Bond and Mortgage.............+-- 720.00 
Members’ dues paid in advance..........-eee eee eereneee 814.75 
Entrance fees and dues advanced by applicants for member- Eten 
Beet) Clnckk Liakiities hl. 
RESERVES: 
Land, Building and Endowment Fund.........6.++--++++05 $7,591.74 
Life Membership Fund..........--. ee eee cece errr e eens 5,500.91 
NGarlkoreix ) Beziers eiewoses asia eva siete eo lal ane euenalte a9) oheielelle, siirceinse 1,118.30 
International Electrical Congress of St. Louis—Library 
ihr NA AI s Gain Se niGO Os a OCC OOO trot am orinkimarunera 2,879.24 
PeohaleHusiGse sivcistsieiio nm = oe \eislei= Sheers sic|/e%e) sie ae eteiere 17,090.19 
Reserve for Depreciation of Furniture and Fixtures........-- 4,867 .78 
Total ge eCSCLVESie a olcicicisscieiel= sivia)s sialereusim. sive 21+ 
SURPLUS* | Per Exhibit eB ice ccc cee eiers sine aieissiee 4 scr40 


1917 


$54,000.00 


7,168.53 


21,957 .97 
608,149.79 


—_ er 


: $691,276.29 


MOtalls eens eie1e Sipebotpicgr acon pce Pa aver sieneae (erensrsnsve.e’® 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


STATEMENT OF INCOME AND PROFIT AND Loss 


For THE YEAR ENDED APRIL 30, 1914 


EXuisBiT B. 
REVENUE: 
Bntrance Meesy) ics syst wane centers ae Oem retin see eee $4,228.75 
TOS) tna cues Pn tyane eves RO occ ns eno) eed ios tare oan oe me 85,915.63 
SLudent smi Wes Henn aie Miinee nae tn cat aes nee ee ae 4,245.00 
ransteres: Vee Menarr i hisc scat oe ee meee ey tere 670.00 
Ay OrtiSiti Oe amertetcTerisanl aes cuits aeons ee 10,041.92 
DUDSCHO ONS, Meet ecets ale< fer yar GRR toto ae a 3,061.70 
Sales ot "Transactions, \etenmase merce a meteie meet ete 2,408.12 
Bad Pes; Sold; . aren ccte thoes eras, c cs doieseciocereuciceee $2,104.00 
Tessie COstsnc phase ae Aes eesevee Micra aoe nem 1,644.81 459.19 
Intereston Investimentsin + .scn Se ee eee bee eee 2,626.00 
Interestion Bane Balances, 2-eeees saceae tem ee en ae eee 316.69 
Exchange Sy agcctaer dete canteen een ee 24.94 
Total, eer eae, ase Fw Sal ferey a asta. pay oot sete, eee a 
EXPENSES: 
Meetings and Papers Committee: 
SEV ET Cre Soy Sabaets hans Cee arene ioey mem ge $4,300.00 
Binding and Mailing Proceedings,...................... 4,807.60 
Printing Pcoceed ines). 4s e ae eee) eee 8,504.86 
EO grave let OCeed ins il seen: a i) ns 1,022.57 
Papenand: Cover Paper sae se een eee 5,056.94 
ENVELOPES Hi yenss ene. ce rere ta ee, ee eee ee ee 821.12 
Stationery and Miscellaneous Printing,................. 133.47 
General Expense: ta. aeercaven sate ee ee eee 148.71 
Micetin Garter cer etree crc. ce Ven. ree ey ee 6,106.69 
Nolume NOs S017 cicero icc ccehe eh arte re eee 3.60 
Voltume NiouS ta. «tisinctee hae enn ee eh 11,892.31 
Total, $42,797.87 
Deduct Increase in Inventory of Publications: 
Mayu MOUS). sscaseht tent avec reer rere ener eae $7,628.25 
AprUSO; sO 4. Avro e agi Me te ee 8,674.25 1,046.00 
Executive Department: 
DGlarlesryenansamorres ccc calc eiproreiey Ree ete $14,842.00 
General Mix enSememcrc isc Tor aR pee ce 1,645.17 
United Engineering Society—Assessments,...., 3,375.00 
XD VOSS energie mecn fe) Paterson ee a 206.65 
OSUAR Sy rss eri sire) facile ol cianrsee ee ea 3,602.62. 
ALG OUULSITIG Natacen leis ceva Gera oi ee Ee a 2,010.95 
OffceiHurmitureand Fixtures)... 5 cose anne ene 287.72 
Stationery and Miscellaneous Printing, v6 eee ee 3,600.13 
Wears oollandi@atalogiie; sees erate eee 2,687.49 
Interest on Bond and Mortgage-vrocnercron orem eee 2,160.00 
Interest.on Note Payableyscey see ee nen ieee ean 18.75 
Engraving, 3 chad sceam aani. scree nea ae eat ee 13.06 
Forward) tmacsct@ame secon meee 
REVENUE—(Forward), 


[May 19 


$113,997.94 


$41,751.87 


34,449 54 


$76,201.41 


$113,997.94 . 
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REVENUB—(FPorward)....0. cece eee cert ces t entree serene eet teres $113,997.94 
ExprENsEs——(Forward)........-+-> ER NSIC De ATES DSO el RA or OSD 76,201.41 

Sections Committee: 

Section Neeson cree a) «1 o ienele iale/iv a) speubiieds 10 stare rer fr em (el $3,651.32 

Branch Wiecetings, accede cee ce cia ees se os enim ie sy = 224.58 

Delegates Convention Expenses,...-....-+-+sseeeeeeee 1,613.36 

Salary and Traveling Expenses, Honorary Secretary,..... 4,353.78 

Salaries, New York Office,.. ......-. eee eee creer teers 2,268.00 

Stationery and Printing, New York Office, 674.22 

Express on Advance Copies,......--+-+seee er csreeeree 61.56 12,846.82 
General: 

TN pace boganw, 29 8A 6 O00 NU eo OUD UC COORG am Cie $3,310.66 

Indexing ‘* Transactions,”,.....--------+se+r reer rece 1,832.21 

International Electrotechnical Commission,.........++-- 275.54 

Finance Comimittee,..c < ec ciie6 © siete eye nein sarees omen era essere 150.00 

Standards Committee,...... 0.20 sc cere eee eee rns 612.60 

President's Special Appropriation,....--.+++s+e+seeeeee 228.30 

Namal EAU TI CELOM » ere cferare 21 cla\folw wial esis)! 2) ete toke eller el sai aie weno%e 365.00 

Law Committee,.....-..----- vee De At qeCe aee Ss Onro o 500.00 

International Engineering Congress, 1915,.....-+--+-++-- 875.00 

International Illumination Committee........ --+++++- 100.00 

Membership Committee,......-+-+ eee eere steerer 4.25 8,253.56 
Add: 


Increase in Accounts Payable—Subject to Approval by 
the Finance Committee, Undistributed at: 


Mic AiR ioc go nbhan 3 ono SO UIIG OO VISCO Cabs $4,335.91 
IGSEICU SIU se sono ce eon Goo aug toric aaa kay ae 5,561.78 1,225.87 
Total EXPENSES,.....-.00- sence ser serene $98,527.66 
AGRE IRENE Eloha 5 cu ov) © rcacoe yO airkO NGO GO: Mr OAC Ec eae $15,470.28 
Prorit & Loss CREDITS: 
Accessions: 
Library Volumes and Fixtures,.....---++++resrerrcr es $3,460.94 
NITIES ke Jaa epi clo be Sewn 6 Sion tacoma OeCkoars aa geaLay 345.00 
ATV PE ns, Baty SOCIO RECON 3,805.94 
GROSS SURPEUSBORUHE DAR ee mrp cle ites ee re rr ea $19,276.22 
Prorit & Loss CHARGES: 
Uncollectible Dues Written Off,....-----+-++ereeester re $3,180.00 
Reservation for Depreciation of Furniture and Fixtures,..... 1,129.83 
“ARAL avnspin bie Oread GoIOa CAB UOGG 4,309 .83 
NEC ORB USIOR TIE. VaISARY lajoisiansisrexetevonetctsr eset yee $14,966.39 
SupADSy MUNN iy WOME ee capo ge CRO OS O UIUC NI A As ase soso op 593,183 .40 
$608,149.79 


Saeenigy IND SIERO OI np ao cece cc ODEO BUCO EGC OG aii a ae es a 
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NEw York, May 11, 1914. 
American Institute of Electrical Engineers, 
33 West 39th Street, New York. 
Dear Sirs: 

Pursuant to engagement, we have audited the books and accounts 
of the American Institute of Electrical Engineers for the year ended April 
30, 1914, and submit herewith our certificate and the following described 
exhibits: : 

EXHIBIT 
“A ’’—General Balance Sheet—April 30, 1914. 
“ B”—Statement of Income and Profit & Loss for the Year Ended 
April 30, 1914. 
Yours truly, 
(Signed) HASKINS & SELLS 
Certified Public Accountants. 


CERTIFICATE 

We have audited the books and accounts of the American Institute 
of Electrical Engineers for the year ended April 30, 1914, and 

We HEREBY CERTIFY that the accompanying General Balance Sheet 
properly sets forth the financial condition of the Institute on April 30, 
1914, that the Statement of Income and Profit & Loss for the year ended 
on that date is correct, and that the books of the Institute are in agreement 
therewith. 

(Signed) HASKINS & SELLS 


Certified Public Accountants. 
NEw York, 


May 11, 1914, 


ee ee 


\ 
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AMERICAN INSTITUTE OF ELECTRICAL ENGINEERS 


STATEMENT OF CASH RECEIPTS AND DONATIONS FOR DESIGNATED PuR- 
PosES. ALSO DISBURSEMENTS, FOR THE YEAR EnpeEp ApLit 30, 1914. 


EXHIBIT C. 
RECEIPTS AND DONATIONS: 


Land, Building and Endowment fund—Donations, Interest, etc.......-- $398.22 
Hike Meribershipieund eee cies ooei ooo retmiyate Meee wm saree ee ae 362.92 
International Electrical Congress of St. Louis Library Fund Donations, and 
TREES En cr rod a Sen Lond Gn BOO Choe SoG Bulg DIDI sea ORO Or ca i Clnen 94.15 
Niaillaties Pumd lrberest crn om clieer\- = a> oer erm syns cin ofa es rgehe nanos 45.00 
(Generali brary Bund, amcereSboee- ime xe mre tie mt ci ciciie sien 6.97 
GRATIS. eres MeO SAG eT ENDO OI to (7 en ec Cara aa $907 .26 
DISBURSEMENTS: : 
TAreMNMermbershap Mui: alae alavcrerece\ers ein ely car «is ain wcinle a\esere vane el ieseicies st $456.88 
(Gi xayarerl, IN ESAT IIA oy gy ioe4 EGO rma bop aa Soy macro moO Oct oG 284 .92 
Mailloux Fund........--- Lee aae ooaoe popnoreo odors somo aOms ou 26.75 


WHA DEba bin 5 nie. CORE Re SEO COB DOGRO UCSC ODD OU EU Darn mil DOO YG SS é 6.69 © 


RECEIPTS AND DISBURSEMENTS PER YEAR PER MEMBER. 


During each fiscal year for the past eight years. 


Year ending April 30...... 1907 1908 1909 1910 1911 1912 1913 1914 
Membership, April 30, each 

Re ee = ae “ a eo Gieks 4521 5674 6400 6681 7117 7459 7654 7876 
Receipts per Member...... $12.21 $13.01 $13.21 $13.35 $13.37 $13.19 $13.45 $14.0 


Disbursements per Member Ad 62 1ie7e: 10549 12-08) 1103) 312744 15.57 12.86 


Credit Balance per Member $ .59 $1.28 $2.72 $1.32 $2.34 $ .75 *$2.12 $1.22 
*Deficit. 


ee 


Respectfully submitted for the Board of Directors, 
F. L. HUTCHINSON, Secretary. 
New York, May 19, 1914. 
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SYNOPTICAL AND TOPICAL 


INDEX 


OF 


A.LE.E. TRANSACTIONS 


Vol. XXXIII, Parts I and Il 


The main headings under which these synopses are classified were 
arrived at by a careful study of all the papers contributed since the organi- 
zation of the Institute. 

The method of making this classification may be called the automatic 
method, since it is created by sorting the papers themselves into groups 
and then naming the groups. 

Many papers fall naturally into several different groups and in such cases 
they are inserted under as many different heads as it is thought they 
rightfully belong. 

The classified synopses are designed for those searching for compre- 
hensive information on any given topic, while the subject index is in- 


tended for those looking up specific and definite data or information. 


a ee ee 
PONE SCHON Dow oe 


MAIN SECTIONS OF SYNOPTICAL INDEX 


. Electrical Machinery and AUDOATR HHS ich yr occ. See eee 
. Prime Movers and Steam Boilers... <4 G0 ic ohe ose eee 
. Power Plants and Central DEATOOS: 5) eran ciety See eee 

. Parallel Qpera thon. isiy cscn a eos ahs an Gale ae 

. Transmission LANGS Pesan ckact are ae ee 
. Electric Service Disturbances and Protection 
V5: 
- Control, Regulation and Switching 
. Traction 


Distribution Systems 


a ——s ss eC 


— 


—— 


2. GENERAL THEORY 


SOLENOIDS 

By Charles R. Underhill Vol. xxxiii—1914, pp. 477-509 

Fundamental equation for design of solenoids and plunger magnets. 
Tables and curves giving constants for use in formulas. Characteristic 
curves of actual solenoids and plunger magnets. 

Discussion, pages 510-517, by Messrs. Charles W. Burrows, Jy Ie 
Carichoff and C. R. Underhill. 

Equations for magnetic field of solenoids. 


SOME INVESTIGATIONS ON LIGHTNING PROTECTION FOR BUILDINGS 
L. A. DeBlois Vol. xxxiii—1914, pp. 519-535 

Description of investigations conducted for a large manufacturer of 
explosives to determine upon a suitable system of lightning protection 
for buildings containing explosives. 

An analysis by oscillograph of the secondary currents induced by 
actual lightning discharges in vertical earthed conductors. Tentative 
explanation of the phenomena generally attributed to high frequency 
oscillations by the existence of unidirectional waves of almost vertical 
front. 

An investigation of the primary effects of a 20-in. spark in air having 
the same essential characteristics as those attributed to lightning when 
applied to a model protective system consisting of isolated vertical con- 
ductors surrounding a small building. 

An investigation of the secondary effects produced under the above 
conditions. 

Brief description of a general protective system recommended for 
explosives buildings. 

Discussion, pages 536-544, by Messrs. E. E. F. Creighton, George R. 
Olshausen, A. G. Webster, Elihu Thomson, W. J. Humphreys, Trygve 
D. Yensen and L. A. DeBlois. 

Remarks on the nature of lightning and lightning strokes. 


SOME SIMPLE EXAMPLES OF TRANSMISSION LINE SURGES 
W. S. Franklin Vol. xxxiii—1914, pp. 545-559 
Analytical discussion of waves produced in transmission lines by surg- 
ing. The ribbon wave and practical examples of its application. 
Discussion, pages 560-569, by Messrs. J. Murray Weed, A. G. Webster 
and A. Hamilton-Ellis. 
Mathematical analysis of transmission line performance under surg- 
ing conditions. 
THEORY OF THE CORONA 
Bergen Davis Vol. xxxiii—1914, pp. 589-606 
Development of a theory of corona, the laws of which are based upon 


known principles of the motions of ions and ionization by impact. 
3 
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Discussion, pages 607-617, by Messrs. J. B. Whitehead, Harris J. 
Ryan, Edward Bennett, Alex. Chernyshoff, F. W. Peek, Jr. and Bergen 
Davis. 

Influence of electric field upon the molecules in decreasing the energy 
required for ionization. Manner in which Peek’s law of visual corona 
was derived. 


THE SPHERE GAP AS A MEANS OF MEASURING HIGH VOLTAGE 

F. W. Peek, Jr. Vol. xxxiii—1914, pp. 923-949 

Disadvantages of needle gap and advantages of sphere gap, in the 
measurement of high voltage. Deduction of laws for sphere gap with 
variations in air density. Equations for calculating sphere gap spark- 
over curves for various spacings, radii, air density, etc. Standard 
measured curves for convenient sizes of spheres at sea level with table 
for applying curves to any altitude. Discussion of effect of high fre- 
quency and impulse voltages. Precautions necessary in high voltage 
measurements with test results. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Harris J. Ryan on “ Sphere Gap Discharge Voltages at High Frequencies.”’ 


THE ELECTRIC STRENGTH OF AIR—V. 
The Influence of Frequency 
J. B. Whitehead and W. S. Gorton Vol. xxxiii—1914, pp. 951-972 

Description of appatatus and method of testing, and investigation 
of the influence of frequency on corona between 60 and 3000 cycles. De- 
velopment of simple method of measuring maximum alternating e.m.f. 
Experimental evidence of resonance phenomena in high-tension circuits. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Harris J. Ryan on “‘ Sphere Gap Discharge Voltage at High Frequencies.” 

SPHERE GAP DISCHARGE VOLTAGES AT HIGH FREQUENCIES 
J. Cameron Clark and Harris J. Ryan Vol. xxxiii—1914, pp. 973-987 

Description of a series of experiments made to determine the values 
of steady high-frequency, high-voltage currents required to discharge 
between seven-inch copper spheres in air, at ordinary temperatures and 
barometric pressures. 

Discussion (including that of papers by F.. W.oPeek, |r. amd sce 
Whitehead and W. S. Gorton), pages 988-1011, by Messrs. L. W. Chubb, 
F. C. Caldwell, D. M. Mahood, Charles Fortescue, D. D. Ewing, E. E. 
F. Creighton, H. B. Dwight, W. W. Lewis, E. P. Peck, J. Ry Craighead: 
F. W. Peek, Jr., John B. Whitehead, M. G. Lloyd, W. B. Kouwenhoven 
and Harris J. Ryan. 

General discussion of methods and precautions in measuring extremely 
high e.m.fs. Description of experiments with conductor near absolute 
zero of temperature, showing electrical resistance to be practically zero. 


THE CORONA PRODUCED BY CONTINUOUS POTENTIALS 
Stanley P. Farwell Vol. xxxiii—1914, pp. 1631-1666 


Experimental investigation of the corona around small wires as pro- 
duced by continuous potentials up to 15,000 volts, obtained from a 
series of 500-volt generators. 

The wire and coaxial cylinder method was employed for a number of 
experiments. Critical voltages and characteristic potential difference 
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or 


and current curves for different sized wires. The effect of pressure upon 
appearance of corona, critical voltage, and current. Characteristic 
curves of the effect of varying presstire, moisture and temperature. 
Discussion, pages 1667-1671, by Messrs. L. W. Chubb, A.E. Kennelly, 
P. M. Lincoln, Max von Recklinghausen, L. T. Robinson, Selby Haar, 
F. W. Peek, Jr., A. E. Kennelly and S. P. Farwell. 
Comparison of a-c. with d-c. corona losses. 


3. MEASUREMENTS AND INSTRUMENTS 
RECORDING DEVICES 
Charles P. Steinmetz ; Vol. xxxiii—1914, pp. 283-292 
Fundamental types of automatic recorders. Demonstration by practi- 
cal examples of usefulness of automatic recorders in operation of electric 
systems. Use of multi-recorder. 
No discussion. 


TRAFFIC STUDIES IN AUTOMATIC-SWITCHBOARD TELEPHONE 
SYSTEMS 
W. Lee Campbell Vol. xxxiii—1914, pp. 309-318 

Methods of observing traffic. Description of traffic-recording machine. 
Relative efficiency of trunk groups as shown by traffic recorder. Study 
of loads and determination of grouping of trunks. Charts and equations. 

Discussion incorporated with that of paper by M. i. Clapp on A 
Comparison of the Telegraph with the T elephone as a Means of Com- 
munication in Steam Railroad Operation.” 

A MILLIAMPERE CURRENT TRANSFORMER 
Edward Bennett Vol. xxxiii—1914, pp. 571-585 

The drawing and specification for a transformer for use with oscillo- 
graph for measuring current of a single insulator or a few feet of high- 
tension transmission line. 

The transformer relations are discussed; the methods of determining 
the transformer constants are outlined and the performance of trans- 
formers constructed in accordance with the specifications is determined. 

A series of oscillograms is given to illustrate some of the applications 
of the transformer, such as to the study of corona, high-tension insulators, 
and leakage currents in evacuated lamps. ; 

Discussion, pages 586-588, by Messrs. J. B. Whitehead, J. R. Craighead 
and Edward Bennett. 

Criticisms of paper. 


METHODS OF KEEPING DOWN PEAKS ON POWER PURCHASED ON A PEAK 
BASIS 
T. E. Tynes Vol. xxxiii—1914, pp. 887-892 

Brief statement of two general ways of reducing peaks followed by 
description of a special peak-taking device. 

Discussion, pages 893-898, by Messrs. Rudolph Tschentscher, Paul 
M. Lincoln, J. Lester Woodbridge, J. R. Bibbins, R. H. McLain, E. D. 
Dreyfus and T. E. Tynes. ; 

General remarks on automatic peak absorption. Discussion of the 


economic expediency of absorbing peaks as against straight purchase of 


energy. 
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THE SPHERE GAP AS A MEANS OF MEASURING HIGH VOLTAGE 

F. W. Peek, Jr. : Vol. xxxiii—1914, pp. 923-949 

Disadvantages of needle gap and advantages of sphere gap, in the 
measurement of high voltage. Deduction of laws for sphere gap with 
variations in air density. Equations for calculating sphere gap spark- 
over curves for various spacings, radii, air density, etc. Standard meas- 
ured curves for convenient sizes of spheres at sea level with table for 
applying curves to any altitude. Discussion of effect of high frequency 
and impulse voltages. Precautions necessary in high voltage measure- 
ments with test results. 

Discussion incorporated with that of paper by J. Cameron Clark and 
Harris J. Ryan on “ Sphere Gap Discharge Voltages at High Frequencies.”’ 


THE ELECTRIC STRENGTH OF AIR—V 
The Influence of Frequency 
J. B. Whitehead and W. S. Gorton Vol. xxxiii—1914, pp. 951-972 
Description of apparatus and method of testing, and investigation 
of the influence of frequency on corona between 60 and 3000 cycles. 
Development of simple method of measuring maximum alternating e. m. f. 
Experimental evidence of resonance phenomena in high-tension circuits. 
Discussion incorporated with that of paper by J. Cameron Clark and 
Harris J. Ryan on ‘‘ Sphere Gap Discharge Voltage at High Frequencies.” 


SPHERE GAP DISCHARGE VOLTAGES AT HIGH FREQUENCIES 
J. Cameron Clark and Harris J. Ryan Vol. xxxiii—1914, pp. 973-987 

Description of a series of experiments made to determine the values 
of steady high-frequency, high-voltage currents required to discharge 
between seven-inch copper spheres in air, at ordinary temperatures and 
barometric pressures: 

Discussion (including that of papers by F. W. Peek, Jr. and J. B. White- 
head and W. S. Gorton), pages 988-1011, by Messrs. L. W. Chubb, F. C. 
Caldwell, D. M. Mahood, Charles Fortescue, D. D. Ewing, E. E. F. 
Creighton, H. B. Dwight, W. W. Lewis, E. P. Peck, J. R. Craighead, F. 
W. Peek, Jr., John B. Whitehead, M. G. Lloyd, W. B. Kouwenhoven and 
Harris J. Ryan. 

General discussion of methods and precautions in measuring extremely 
high e. m. fs. Description of experiments with conductor near absolute 
zero of temperature, showing electrical resistance to be practically zero. 


VOLTAGE TESTING OF CABLES 
W.I. Middleton and Chester L. Dawes Vol. xxxiii—1914, pp. 1185-1206 

Analysis of e. m.f. stresses in insulation. Tests that must be made, 
followed by description of new type of oscillating voltmeter for measuring 
peak values. 

Discussion, pages 1207-1215, by Messrs. W. A. Del Mar, C. O. Mailloux, 
Henry G. Stott, E. E. F. Creighton, Charles L. Fortescue, Percy H. 
Thomas, J. R. Craighead, W. I. Middleton, and Chester L. Dawes. 

General remarks on voltage testing of cables—what voltage, what 
sources. Cause of third harmonic disturbances and effect of peak e. m. f. 


GRAPHIC METHOD FOR SPEED-TIME AND DISTANCE-TIME CURVES 
E. C. Woodruff Vol. xxxiii—1914, pp. 1673-1676 
Description of a simple method for obtaining speed-time and distance- 
time curves which avoids the usual step-by-step process. 


_ —s = 
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Discussion, pages 1677-1719, by Messrs. Selby Haar, C. O. Mailloux, 
N. W. Akimoff, F. Castiglioni, F. E. Wynne, N. W. Storer, E. C. Woodruff 
and D. D. Ewing. ; 

Résumé of the Mailloux method of calculating and plotting speed-time 
curves and comparison with the author’s method. Equation for practical 
motor acceleration curves. Use of speed-distance curve for finding cut- 
ting off point. Use of slide rule for motor characteristic curves in speed- 
time curve. calculations and determination of the capacity of railway 
motors. Castiglioni method compared with Mailloux method of speed- 
time calculations. 


4. INSULATION AND DIELECTRIC PHENOMENA 
PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 
Introduction by P. W. Sothman, Chairman Vol. xxxiii—1914, pp. 105-118 

Outline of leading problems in building and operating high-tension 
lines. Selection of materials and equipment. Factors that ‘enter into 
the design of the line structure. Extracts from reports ofexperience from 
various companies operating high-tension lines, with special reference to 
insulation. 

APPENDIX I, pages 119-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brundige. Causes of molecular fatigue and methods 
of detection. 

APPENDIX II, pages 123-124. Radius of Influence of a Direct Light- 
ning Stroke, by L. C. Nicholson. 

APPENDIX III, pages 124-127. Transmission Line Problems in the 
West, by P. M. Downing. Brief notes on experience in operation. 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect of 
switching in producing oscillations. 

PRACTICAL OPERATION OF SUSPENSION INSULATORS 
H. W. Buck Vol. xxxiii—1914, pp. 131-137 

Brief review of difficulties experienced in operation of suspension in- 
sulators on transmission lines. Wind pressure and sleet loads. Cal- 
culation and design of lines to meet stresses. 

Discussion (including that of paper by P. W. Sothman), pages 138- 
154, by Messrs. H. W. Buck, enivemecion| ts Oharies E- Waddell, Percy 
H. Thomas, R. J. McClelland, V. Karapetoff, P. M. Lincoln, Farley 
Osgood, J. A. Sandford, Jr., E. R. Albrecht, William L. Puffer, Ernest 
V. Pannell, Julian C. Smith, E. A. Lof, C. O. Mailloux, E. M. Hewlett, 
H. W. Buck and K. C. Randall. 

General remarks on transmission line construction and operation. 
Insulation theory and insulator troubles. Tower specifications. Choice 
of conductor and method of stringing. Deterioration of porcelain. 


Insulator design. 

THEORY OF THE CORONA 

Bergen Davis Vol. xxxiii—_1914, pp. 589-606 
Development of a theory of corona, the laws of which are based upon 

known principles of the motions of ions and ionization by impact. 
Discussion, pages 607-617, by Messrs. J. B. Whitehead, Elacnisee|s 


Ryan, Edward Bennett, Alex. Chernyshoff, F. W. Peek, Jr. and Bergen 
Davis. 
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Influence of electric field upon the molecules in decreasing the energy 
required for ionization. Manner in which Peek’s law of visual corona 


was derived. e 
INFLUENCE OF TRANSFORMER CONNECTIONS ON OPERATION 
Louis F, Blume Vol. xxxiii—1914, pp. 735-752 


Discussion of relative advantages and disadvantages in operation of 
the more important three-phase transformer connections. Three con- 
ditions of operation are given: First, normal; second, operation of a 
bank with one phase disabled; third, effect of line grounds on operation. 
Analysis of insulation stresses at relatively low frequencies to which 
transformers are subject in either normal or abnormal conditions of 
operation. These frequencies include the fundamental or generated 
frequency and its harmonics and the natural frequency of the system. 
The behavior of three-phase auto-transformers under the various con- 
ditions of operation is also analyzed. 

Discussion, incorporated with that of paper by J. P. Jollyman, P. 
M. Downing and F. G. Baum on “ Experience of the Pacific Gas and 
Electric Co. with the Grounded Neutral.” 

THE ELECTRIC STRENGTH OF AIR—V 
The Influence of Frequency 
J. B. Whitehead and W. S. Gorton Vol. xxxiii—1914, pp. 951-972 

Description of apparatus and method of testing, and investigation 
of the influence of frequency on corona between 60 and 3000 cycles. 
Development of simple method of measuring maximum alternating e.m.f. 
Experimental evidence of resonance phenomena in high-tension circuits. 

Discussion incorporated with that of paper by J. Cameron Clark 
and Harris J. Ryan on ‘Sphere Gap Discharge Voltage at High Fre- 
quencies.”’ 

SPHERE GAP DISCHARGE VOLTAGES AT HIGH FREQUENCIES 
J. Cameron Clark and Harris J. Ryan Vol. xxxiii—1914, pp. 973-987 

Description of a series of experiments made to determine the values 
of steady high-frequency, high-voltage currents required to discharge 
between seven-inch copper spheres in air, at ordinary temperatures 
and barometric pressures. 

Discussion (including that of papers by F. W. Peek, Jr. and J. B. 
Whitehead and W. S. Gorton), pages 988-1011, by Messrs. L. W. Chubb, 
F. C. Caldwell, D. M. Mahood, Charles Fortescue, D. D. Ewing, E. 
E. F. Creighton, H. B. Dwight, W. W. Lewis, E. P. Peck, J. R. Craig- 
head, F. W. Peek, Jr., John B. Whitehead, M. G. Lloyd, W. B. Kouwen- 
hoven and Harris J. co 

General discussion of methods and precautions in measuring extremely 
high e.m.fs. Description of experiments with conductor near absolute 
zero of temperature, showing electrical resistance to be practically zero. 

PROVISIONAL SPECIFICATION FOR INSULATOR TESTING 


Covering Inspection and Tests of High-Tension Line Insulators of Porcelain, for over 
25,000 Volts 


Vol. xxxiii—i914, pp. 1107-1119 

Discussion, pages 1120-1132, by Messrs. Percy H. Thomas, E. E. F. 

Creighton, Edward Bennett, E. M. Hewlett, Farley Osgood, S. C. Lind- 
say, John B. Fisken, F. W. Peek, Jr., and William B. Jackson. 
General remarks on scope and character of the specifications. 


SYNOPTICAL INDEX 9 


VOLTAGE TESTING OF CABLES 
W.I. Middleton and Chester L. Dawes 1 Vol. xxxiii—i1914, pp. 1185-1206 

Analysis of e.m.f. stresses in insulation. Tests that must be made, 
followed by description of new type of oscillating voltmeter for measur- 
ing peak values. 

_ Discussion, pages 1207-1215, by Messrs. W. A. Del Mar, C. O. Mail- 
loux, Henry G. Scott, E. E. F. Creighton, Charles L. Fortescue, Percy 
H. Thomas, J. R. Craighead, W. I. Middleton and Chester L. Dawes. 

General remarks on voltage testing of cables—what voltage, what 
sources. Cause of third-harmonic disturbances and effect 0f peak e.m.f. 


ECONOMY IN THE OPERATION OF 55,000-VOLT INSULATORS 
M. T. Crawford Vol. xxxiii—1914, pp. 1429-1434 

Brief outline of the operating experiences on three 55,000-volt lines, 
two of which have been in service 10 years and one 5 years, covering 
the progress of insulator construction. A device is described by means 
of which defective insulators can be readily detected in the very early 
stages of deterioration. 

Discussion, pages 1435-1440, by Messrs. J. Harisberger, M. H. Gerry, 
jtemVenhenGreisser, Al eal Villers Re Noack, 2D. Ri Cornick, P.M: 
Lincoln, L. T. Merwin, L. J. Corbett, Ralph W. Pope and E. Woodbury. 

Experience in the operation of high-tension insulators. 


THE CORONA PRODUCED BY CONTINUOUS POTENTIALS 
Stanley P. Farwell Vol. xxxiii—1914, pp. 1631-1666 

Experimental investigation of the corona around small wires as pro- 
duced by continuous potentials up to 15,000 volts, obtained from a 
series of 500-volt generators. 

The wire and coaxial cylinder method was employed for a number of 
experiments. Critical voltages and characteristic potential difference 
and current curves for different sized wires. The effect of pressure upon 
appearance of corona, critical voltage, and current. Characteristic 
curves of the effect of varying pressure, moisture and temperature. 

Discussion, pages 1667-1671, by Messrs. L. W. Chubb, A. E. Kennelly, 
P. M. Lincoln, Max von Recklinghausen, L. T. Robinson, Selby Haar, 
F. W. Peek, Jr., A. E. Kennelly, and S. P. Farwell. 

Comparison of a-c. with d-c. corona losses. 


EFFECT OF ALTITUDE ON THE SPARK-OVER VOLTAGES OF BUSHINGS, LEADS 
AND INSULATORS 
F. W. Peek, Jr. Vol. xxxiii—1914, pp. 1721-1730 


Investigation of the effect of altitude and temperature on the surface 
spark-over of leads and insulators. Correction factors for various stand- 
ard types. Data tabulated and plotted. 

Discussion incorporated with that of paper by A. O. Austin on “ In- 
sulator Depreciation and Effect on Operation.” 

INSULATOR DEPRECIATION AND EFFECT ON OPERATION 
A. O. Austin Vol. xxxili—1914, pp. 1731-1734 

Analytical discussion of mechanical defects in line insulators as de- 
veloped by actual practice. Presentation of method of calculating the 
probable depreciation of insulators. 
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Discussion (including that of paper by F. W. Peek, Jr.), pages 1745- 
1766, by Messrs. Harvey L. Curtis, D. B. Rushmore, E. D. Eby, P. 
W. Sothman, Selby Haar, Charles P. Steinmetz, E. E. F. Creighton, 
Farley Osgood, F. W. Peek, Jr., Edward J. Cheney, H. H. Sticht, H. 
H. Schneider and R. P. Jackson. 

Investigation of surface resistance of various materials with quanti- 
tative results plotted as curves. General remarks on line insulators 
and tests for location of faulty ones. 


SPECIFICATION AND ANALYTICAL PROCEDURE FOR 30 PER CENT HEVEA 
RUBBER INSULATING COMPOUND 
Report of the Joint Rubber Insulation Committee Appointed by a Group of Manufacturers 
and Users of Rubber Compounds, 1911-1914 
Vol. xxxiii—1914, pp. 1767-1786 


Part I—General Report. 

Part II—Analytical Procedure 

Part III—Explanation of Procedure. 
Part IV—Specification. 

Part V—Explanation of Specification. 


5. ELECTRIC CONDUCTORS 


PRACTICAL OPERATION OF SUSPENSION INSULATORS 
H. W. Buck Vol. xxxiii—1914, pp. 131-137 

Brief review of difficulties experienced in operation of suspension- 
insulators on transmission lines. Wind pressure and sleet loads.  Cal- 
culation and design of lines to meet stresses. 

Discussion (including that of paper by P. W. Sothman), pages 138- 
154, by Messrs. H. W. Buck, F. W. Peek, Jr., Charles E. Waddell, Percy 
H. Thomas, R. J. McClelland, V. Karapetoff, P. M. Lincoln, Farley 
Osgood, J. A. Sandford, Jr., E. R. Albrecht, William L. Puffer, Ernest 
V. Pannell, Julian C. Smith, E. A. Lof, C. O. Mailloux, E. M. Hewlett, 
H. W. Buck and K. C..Randall. ; 

General remarks on transmission line construction and operation. 
Insulation theory and insulator troubles. Tower specifications. Choice 
of conductor and method of stringing. Deterioration of porcelain, 
Insulator design. 

DISTRIBUTION OF ELECTRICAL ENERGY 
Report of Sub-Committee on Distribution 
P. Junkersfeld, Chairman Vol. xxxiii—1914, pp. 211-217 

General remarks on desirability of few large substations compared 
with many small ones. Bibliography of distribution for light, power and 
railways. Cables and underground construction. 

APPENDIX I, pages 217-222. Three-Wire D.C. Distribution, by 
Philip Torchio. Brief review of practice. 

APPENDIX II, pages 222-235. Alternating-Current Distribution, by 
H. B. Gear. Brief outline of practice for distribution of electric energy 
in bulk and also for general use. Typical circuits and networks. De- 
mand factors. Advice for selection of apparatus for substations and 
distribution systems. 

APPENDIX III, pages 236-240. Effect of Consumers’ Apparatus and 
Wiring on Distribution, by H. Goodwin. Rules for governing con- 
sumers’ load characteristics. 


_ 
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APPENDIX IV, pages 240-251. Direct-Current Distribution for Sur- 
face Railways—Urban Service, by R. H. Rice. General analytical dis- 
cussion of the system including substations, feeders, working con- 
ductors and return. 

APPENDIX V, pages 251-259. Direct-Current Distribution for Under- 
ground and Elevated Railways, by E. J. Blair. Working or contact 
conductor layout for different types of systems in actual use with special 
regard to feeding points and sectionalization. 

APPENDIX VI, pages 259-261. Direct-Current Distribution for Inter- 
urban and Steam Railroads, by W. G. Carlton. Brief notes on various 
types and word about choice of working e.m-f. 

APPENDIX VII, pages 261-262. A-C. Distribution for Interurban and 
Steam Railroads, by W. S. Murray. Recommendation of single-phase 
overhead construction. 

APPENDIX VIII, pages 262-266. The Relation of Distribution Prob- 
lems and Switching Apparatus, by E. B. Merriam. Brief discussion 
of factors most affected by switching, such as reliability of service, pro- 
tection of system from disturbances, and safety of operators. 

APPENDIX IX, pages 266-269. Distribution for Street Lighting Ser- 
vice, by Paul M. Lincoln. Advantages of constant-current series system 
of distribution. 

Discussion, pages 270-282, by Messrs. H. L. Wallau, Philip Torchio, 
S. D. Sprong, D. W. Roper, E. M. Hewlett, H. R. Summerhayes, John 
B. Taylor, E. W. Trafford, J. T. Kelly, Jr., John Murphy, H. B. Gear 
and Carl Schwartz. 

General remarks on operation of distribution circuits and experience 


_ with control, protective and switching apparatus of various types. 


ENGINEERING DATA RELATING TO HIGH-TENSION TRANSMISSION SYSTEMS 
Sub-Committee Report Prepared by the Chairman. 
Vol. xxxiii—1914, pp. 1013-1089 

Introduction. Classified list of power companies reporting and brief 
outline of scope of each report. Typical classification of information 
received by the committee. Drawings and tables for transmission line 
construction. 

Discussion, pages -1090-1105, by Messrs. John B. Fisken, Percy H. 
Thomas, S. C. Lindsay, Ernest V. Pannell, E. E. F. Creighton, F. W. 
Peek, Jr., R. Fleming, H. H. Norton, M. von Recklinghausen, D. D. 
Ewing, R. E. Argersinger, E. A. Lof and Selby Haar. 

Explanation of cause of deterioration of high-tension conductors. 
Operation of reverse power relays. European high-tension practice. 
Comprehensive list of references to high-tension engineering articles in 
periodicals of the world. 

; VOLTAGE TESTING OF CABLES 
W. I. Middleton and Chester L. Dawes Vol. xxxiii—1914, pp. 1185-1206 

Analysis of e.m.f. stresses in insulation. Tests that must be made, 
followed by description of new type of oscillating voltmeter for measur- 
ing peak values. 

Discussion, pages 1207-1215, by Messrs. W. A. Del Mar, C. O. Mailloux, 
Henry G. Stott, E. E. F. Creighton, Charles L. Fortescue, Percy H. 
Thomas, J. R. Craighead, W. I. Middleton and Chester L. Dawes. 
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General remarks on voltage testing of cables—what voltage, what 
sources, Cause of third-harmonic disturbances and effect of peak, e.m.f. 


A DISTRIBUTION SYSTEM FOR POWER PURPOSES 

F. D. Nims Vol. xxxiii—1914, pp. 1299-1304 

Description of the distribution system of the Western Canada Power 
Company, Limited, touching on the overhead and underground systems 
in general. Advantages obtained by duplicating lines, both for elim- 
inating outages and from a financial standpoint. Also the advantages 
obtained by using a steel-taped lead-armored cable placed directly in 
the ground, figures showing the exact cost of such an installation being 
given. ‘ 
Discussion, pages 1305-1313, by Messrs. J. B. Fisken, P. M. Lincoln, 
F. L. Rohrbach. C. S. MacCalla, H. V. Carpenter, Edward Woodbury, 
G. B. Rosenblatt, John Harisberger, L. J. Corbett, Paul Lebenbaum, 
M. T. Crawford and F. D. Nims. 

Experience with underground cables without ducts. 


6. MAGNETIC-PROPERTIES AND TESTING OF IRON 


MAGNETIC AND OTHER PROPERTIES OF ELECTROLYTIC IRON MELTED IN 
VACUO 
Trygve D. Yensen Vol. xxxiii—1914, pp. 451-475 
Brief mention of early work done in the study of magnetic properties 
of iron and iron alloys. Description of the construction of vacuum fur- 
nace for melting iron and permeameter for testing short bars. Account 
of methods of preparing specimens and testing their magnetic properties. 
Effect of heat treatment on magnetic properties shown by curves and 
tables. Discussion of equilibrium diagram of iron-carbon alloys with 
special reference to magnetic properties. 
No discussion. 


7. BATTERIES 


SELF-CONTAINED PORTABLE ELECTRIC MINE LAMPS 

H. O. Swoboda Vol. xxxiii—1914, pp. 385-396 

General requirements of safety lamp for mines. Description of con- 
struction of groups of prize-winning electric lead storage battery safety 
lamps. Method of caring for lamps and batteries. Cost of operation. 

Discussion, pages 397-401, by Messrs. H. H. Clark) H. Hu Smith Reco 
Burrows, and H. O. Swoboda. 

Advantages of the alkaline battery. 


8. TRANSFORMERS 


OUTDOOR SUBSTATIONS IN NEW ENGLAND 
Vol. xxxiii—1914, pp. 65-69 

Brief description and discussion of two substations of the Amherst 
Power Company, giving the basis of choice between the outdoor and 
indoor stations. Care of transformers and oil switchers in freezing 
weather. 

Discussion incorporated with that of paper by Leslie L. Perry on ‘‘ Out- 
door Substations in the Middle West.” 


Fred L. Hunt 
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A MILLIAMPERE CURRENT TRANSFORMER 
Edward Bennett Vol. xxxiii—1914, pp. 571-585 

The drawing and specification for a transformer for use with oscillograph 
for measuring current of a single insulator or a few feet of high-tension 
transmission line. 

The transformer relations are discussed; the methods of determining 
the transformer constants are outlined and the performance of trans- 
formers constructed in accordance with the specifications is determined. 

A series of oscillograms is given to illustrate some of the applications 
of the transformer, such as to the study of corona, high-tension insulators, 
and leakage currents in evacuated lamps. 

Discussion, pages 586-588, by Messrs. J. B. Whitehead, J. R. Craighead 
and Edward Bennett. 

Criticisms of paper. 

EXPERIENCE WITH LINE TRANSFORMERS 
D. W. Roper Vol. xxxiii— 1914, pp. 685-697 

Analysis of the transformer troubles for one year on a system having 
nearly 15,000 transformers installed. Curves showing the record of 
burnouts of four different makes of transformers are used as a basis fora 
discussion of effect of the value placed on continuous service in the selec- 
tion of transformer. The results of experiment with improved lightning 
protection are given, showing how the troubles were reduced. 

Discussion, pages 698-710, by Messrs. W. 5. Moody, A. D. Fishel, H. 
W. Hough, Paul M. Lincoln, Joseph Franz, M. O. Troy, E. E. F. Creighton 
H. B. Alverson, W. L. Granger, W. J. Wooldridge and D. W. Roper. 

General remarks on design, operation and protection of transformer 
installations. 

INHERENT VOLTAGE RELATIONS IN Y AND DELTA CONNECTIONS 
Royal W. Sorenson and Walter L. Newton Vol. xxxiii—1914, pp. 711-727 

Results of experiments made with a miniature simple transmission 
system to demonstrate the inherent voltage relations with different 
combinations of Y and delta connections, all inductive and capacity 
effects in the transmission line being eliminated. The tests were made 
under constant conditions, with non-inductive load. 

The authors give the results of four groups of tests, on four different 
systems of connections, pointing out the advantages and disadvantages 
of the several systems. In each case tests were rade without load, with 
balanced load, and with load on one phase only, for various conditions of 
grounding. Typical voltage diagrams are given, to show what happens 
under various conditions of load. 

Certain cases where the use of auto-transformers is advantageous, and 
the effects’ of different: ways of connecting them, are discussed. 

Discussion, pages 728-733, by Messrs. Waldo V. Lyon, A. E. Kennelly 
and Harold Pender, F. W. Peek, Jr., Louis F, Blume, F. C. Green, C.-L. 
Fortescue, P. M. Lincoln, J. M. Weed and D. C. Jackson. 

General remarks on the third harmonic in transformer operation. 

INFLUENCE OF TRANSFORMER CONNECTIONS ON OPERATION 
Louis F. Blume Vol. xxxiii—1914, pp. 735-752 

Discussion of relative advantages and disadvantages in operation of 

the more important three-phase transformer connections. Three con- 
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ditions of operation are given: First, normal; second, operation of a bank 
with one phase disabled; third, effect of line grounds on operation. Analy- 
sis of insulation stresses at relatively low frequencies to which transformers 
are subject in either normal or abnormal conditions of operation. These 
frequencies include the fundamental or generated frequency and its 
harmonics and the natural frequency of the system. The behavior of 
three-phase auto-transformers under the various conditions of operation 
is also analyzed. 

Discussion incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on ‘‘ Experience of the Pacific Gas and Electric 
Co. with the Grounded Neutral.” 


A STUDY OF SOME THREE-PHASE SYSTEMS 

Charles Fortescue Vol. xxxiii—1914, pp. 753-756 

Discussion of the star-star, delta-delta, delta-star and star-delta con- 
nections in order and their ‘individual peculiarities and characteristics, 
precautions that must be taken in operation to avoid trouble, and where 
and when the system may be grounded with best results. 

Discussion incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on “ Experience of the Pacific Gas and Electric 
Co. with the Grounded Neutral.” 


EXPERIENCE OF PACIFIC GAS AND ELECTRIC CO. WITH THE GROUNDED 
NEUTRAL 
J. P. Jollyman, P. M. Downing and F. G. Baum Vol. xxxiii—1914, pp. 767-772 

Outline of the distributing system of the Pacific Gas and Electric 
Company of California which operates at 60 kv., the transformers being 
Y-connected, with the neutrals solidly grounded. 

Discussion (including that of papers by Louis F. Blume and Charles 
Fortescue), pages 773-802, by Messrs. Guido Semenza, F. F. Brand, 
W. W. Lewis, V. M. Montsinger, C. M. Davis, L. F. Blume, H. S. Osborne, 
F., E. Haskell, H. S.-Osborne, C. 0, Mailloux, E. E. F. Creighton, John 
B. Taylor, F. C. Green, P. M. Lincoln, D. W. Roper, F. W. Peek, Jr., 
J. R. Werth, C. L. Fortescue and Max H. Collbohm. 

Summary of transformer connection practice in Italy. Classification 
of high tension transmission systems of the world on basis of star and 
delta. Operating results of six great transmission systems. Results 
of tests on effect of capacity and inductance upon third harmonics in 
star auto-transformers. Comparison of star and delta from point of 
view of telephone disturbances. The problem of insulating transmission 
lines. 


THE EFFECT OF DELTA AND STAR CONNECTIONS UPON TRANSFORMER WAVE 
FORMS . ° 
Leslie F. Curtis Vol. xxxiii—1914, pp. 1273-1277 
Tests with the oscillograph to show the distortions in the no-load 
exciting current and voltage waves of three single-phase step-up trans- 
formers when the windings of the generator and both sides of the trans- 
formers were connected in all possible symmetrical delta and star re- 
lations. 
Oscillograms are given in each case and the relations between the flux, 
voltage, exciting current, and the hysteresis cycle are shown in two 
instances. 
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Discussion, pages 1278-1282, by Messrs. P. M. Lincoln, L. J. Corbett, 
A. A. Miller, E. G. Robinson, Jr., M. H. Gerry, Jr, L. T. Merwin, 
Livingston P. Ferris, H. V. Carpenter and L. F. Curtis. 

General remarks on transformer construction. 


9. ELECTRICAL MACHINERY AND APPARATUS 


SIXTY-CYCLE SYNCHRONOUS CONVERTERS 
L. P. Crecelius Vol. xxxiii—1914, pp. 353-365 

Notes on choice of synchronous converter for sixty-cycle operation. 
Extracts from purchasers’ contract and specifications. 

No discussion. 

THE DEVELOPMENT OF THE ELECTRIC MINE LOCOMOTIVE 
G. M. Eaton Vol. xxxiii—1914, pp. 403-414 

Evolution of coal mine locomotive with illustrations. Various types 
of mine locomotives, construction shown and briefly discussed. Also 
brief reference to various types of motors with different methods of 
lubrication and bearing construction. Design data plotted to show 
tendency of future development. 

Discussion, pages 415-429, by Messrs. W. W. Miller, C. W. Beers, 
Carl J. E. Waxbom, Graham Bright, F. L. Stone, G. M. Eaton, L. J. 
Ilsley, W. A. Thomas, G. H. Shapter, B. H. Martindale and N. W. 
Storer. . 

General remarks on constructional features of mine locomotives. Data 
on costs, repairs and troubles from actual experience. Experience with 
ball bearings. 

MINE SUBSTATIONS 
Motor-Generator Sets vs. Synchronous Converters 
Will H. Hoen Vol. xxxiii—1914, pp. 431-437 

Comparison of synchronous converters, synchronous motor-generators 
and induction motor generators as to starting characteristics, efficiency 
and performance on mine loads. 

Discussion incorporated with that of paper by H. Booker on “ Mine 


Substations—Their Construction and Operation.”’ 


MINE SUBSTATIONS 
Their Construction and Operation 


H. Booker Vol. xxxiii—1914, pp. 439-444 

Brief practical discussion of layout, operation and maintenance of 
substations around coal mines. List of common defects in design of 
substations and faults in the organization of the operating force. 

Discussion (including that of paper by Will M. Hoen), pages 445-449, 
by Messrs. Ww. A. Thomas, P. M. Lincoln, N. Stahl and Will M. Hoen. 

Use of synchronous converters in mines. Load characteristics of mines. 
SOLENOIDS 

Vol. xxxiii—1914, pp. 477-509 

Fundamental equation for design of solenoids and plunger magnets. 
Tables and curves giving constants for use in formulas. Characteristic 
curves of actual solenoids and plunger magnets. i 

Discussion, pages 510-517, by Messrs. Charles W. Burrows, E. Re 
Carichoff, and C. R. Underhill. 

Equations for magnetic field of solenoids. 


Charles R. Underhill 
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THE FUTURE OF ELECTRIC HEATING AND COOKING IN MARINE SERVICE 
H. J. Mauger Vol. xxxiii—1914, pp. 659-668 

General remarks on use and future of electric cooking on board ship. 
Brief description of equipment of Battleship Texas and results of tests 
of power consumption. Advantages of electric cooking and heating. 

Discussion, pages 669-672, by Messrs. W. S. Hadaway, E. F. Dutton, 
H. J. Mauger and Frank T. Leilich. 

Disadvantages of electric cooking on board ship. Difficulties of 
building resistors for high surface temperatures. 


RELATIVE MERITS OF Y AND DELTA CONNECTION FOR ALTERNATORS 
T. S. Eden Vol. xxxiii—1914, pp. 803-806 
Brief statement of advantages and disadvantages of each system. 
Discussion incorporated with that of paper by Cassius M. Davis on 
“Delta and Y Connections for Railway Transmission and Distribution.” 


ELECTRIC HEATING AS APPLIED TO MARINE SERVICE 

C. S. McDowell and D. M. Mahood Vol. xxxili—i914, pp. 839-850 

A comparison of convector and radiant heaters, the proper use of 
each type being shown, for space heating on shipboard with metal decks 
and bulkheads. 

Curves showing results obtained on tests to determine the best type 
of heater for shipboard and desirable features of heater are indicated. 

Discussion, pages 851-855, by Messrs. W. S. Hadaway, Jr., Alfred E. 
Waller, Charles D. Knight, D. B. Rushmore, F. C. Caldwell, D. M. 
Mahood and H. A. Hornor. 

Results of electric heating tests at the University of Nebraska. Rela- 
tive merits of open-coil and enclosed heater units. 


THE ELECTRICALLY DRIVEN GYROSCOPE IN MARINE WORK 
H. C. Ford Vol. xxxiii—1914, pp. 857-871 


Definition of gyroscope and brief statement of practical uses to which 
it has been put: 

A general description of the gyro-compass as adopted by the United 
States Navy for use on all the battleships and submarine vessels, and of 
the many electrical and mechanical devices that have been developed 
by E. A. Sperry to perform the various functions whereby an instrument 
of great precision has been secured. 

Brief mention of large gyroscopes which are capable of counteracting 
enormous wave forces and completely stabilizing any ship against rol- 
ling in the heaviest seas. 

Discussion, page 872, by Messrs. Alfred E. Waller and H. C. Ford. 

Remarks on stabilizing action of gyroscope. 


DIRECT-CURRENT MOTORS FOR COAL AND ORE BRIDGES 
R. H. McLain Vol. xxxiii—1914, pp. 873-884 
Brief description of the mechanical arrangement of a coal bridge. 
Performance characteristic curves and discussion of type of motors 
suited to the work and the proper methods of gearing the motor for most 
economical results. 


Discussion, pages 885-886, by Messrs. D. B. Rushmore, S. C. Lindsay, 
T. E. Tynes and R. H. McLain. 


SYNOPTICAL INDEX 17 


CONCATENATED INDUCTION MOTORS FOR ROLLING MILL DRIVE 

William O. Oschmann Vol. xxxiii—1914, pp. 899-920 

Description of a six-speed concatenated induction ‘motor set for driving 
the finishing rolls of a 12-stand continuous mill and analysis of the condi- 
tions that determined choice of*prime mover and motor drive control. 
Load diagram and power characteristics curves. 

Discussion, page 921, by Messrs. Rudolph Tschentscher, T. E. Tynes 
and A. E. Averrett. 


APPLICATION OF ELECTRIC MOTORS TO GOLD DREDGES 

Girard B. Rosenblatt Vol. xxxiii—1914, pp. 1405-1416 

Classification of gold dredges and outline of requirements for electric 
operation. Choice of motor and specifications for design of digging motor. 

Discussion, pages 1417-1427, by Messrs. Ford W. Harris, M. H. Gerry, 
Jr., F. A. Ross, L. K. Armstrong, W. M. Sheppard, A. A. Miller and C. 
B. Rosenblatt. 

Experience with electric dredges. 


USE OF REACTANCE WITH SYNCHRONOUS CONVERTERS 
An Insurance to Continuity of Service and a Protection to Apparatus 
J. L. McK. Yardley Vol. xxxiii—1914, pp. 1521-1533 

Results of overload and short-circuit tests upon two synchronous con- 
verters of widely different operating characteristics in circuit with auxil- 
iary reactors. In the one case the reactor is in the a-c. circuit and in the 
other in the d-c. circuit. 

Division of synchronous converter installations into a few general 
classes with respect to the character and exactions of the service condi- 
tions under which they are required to operate with respect to the need 
or desirability of employing protective reactance, and also with respect 
to the general design or type of the reactor to be employed. 

Discussion, pages 1534-1547, by Messrs. D. B. Rushmore, Philip 
Torchio, H. W. Buck, H. R. Summerhayes, J. J. Frank, N. W. Storer, 
George T. Hanchett, Carl J. Fechheimer, Mr. Woodward, Mr. Howard, 
Mr. Burnham, J. L. McK. Yardley and John B. Taylor. 

General remarks on design and application of protective reactors. 


10. PRIME MOVERS AND STEAM BOILERS 


CONCATENATED INDUCTION MOTORS FOR ROLLING MILL DRIVE 

William O. Oschmann Vol. xxxiii—1914, pp. 899-920 

Description of a six-speed concatenated induction motor set for driving 
the finishing rolls of a 12-stand continuous mill and analysis of the condi- 
tions that determined choice of prime mover and motor drive control. 
Load diagrams and power characteristic curves. 

Discussion, page 921, by Messrs. Rudolph Tschentscher, T. E. Tynes 
and A. E. Averrett. 

PRESENT STATUS OF PRIME MOVERS 

H. G. Stott, R. J. S. Pigott and W. S. Gorsuch Vol. xxxiii—1914, pp. 1133-1166 

Concise presentation of the present status of heat engines and hydraulic 
turbines in commercial use for the conversion of the energy of fuel and 
water into mechanical energy for the production of electric energy. 

The various types are compared as to relative importance, capacity, 
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efficiency, weight, cost and economy, which are illustrated by curves 
plotted on kilowatt basis. ; 

Curves are plotted showing the investment and fuel costs of the different 
heat engine units, on the basis of percentage of normal full load rating of 
machines. : 

Discussion, pages 1167-1183, by Messrs. R. Tschentscher, J. R. Bibbins, 
H. M. Hobart, E. D. Dreyfus, H. G. Stott, S. Barfoed, Franklin M. 
Farwell, W. S. Gorsuch and R. J. S. Pigott. 

General remarks and data on the cost of electric energy production with 
different prime movers under various conditions. 


11. POWER PLANTS 


PROTECTIVE REACTANCE IN LARGE POWER STATIONS 

James Lyman, Allen M. Rossman and Leslie L. Perry Vol. xxxiii—1914, pp. 23-45 

General discussion of the various uses of reactance to limit the flow of 
energy under abnormal conditions. Typical busbar arrangements. 
Diagrams giving relation between maximum current and reactance used 
in various ways. Diagrams of relation between maximum current and 
number of generators running. Equation for maximum current. 

Discussion, pages 46-55, by Messrs. Philip Torchio, W, S. Moody, 
Henry G. Stott, Paul M. Lincoln, V. Karapetoff, Harry R. Woodrow, 
Cassius M. Davis, Allen M. Rossman, O. J. Ferguson and Alex. E. Bauhan. 

Discussion of the use and design of reactance coils. Equation for 
instantaneous current. 


THE ECONOMICAL CAPACITY OF A COMBINED HYDROELECTRIC AND STEAM 
POWER PLANT 
Cary T. Hutchinson Vol. xxxiii—1914, pp. 155-192 
Development of method of determining the point of economical capac- 
ity of a hydroelectric plant on a variable-flow stream with and without 
pondage and with steam auxiliary. Choice of basic stream flow. Com- 
plete data on Susquehanna River as practical example. Determination 
of capacity of steam auxiliary. Per cent deficiency and per cent load 
charts for use in calculations. Cost of hydroelectric plants and energy 
production. Numerical examples of the use of the method. 
Discussion incorporated with that of paper by H. M. Hobart on ‘‘ The 
Cost of Electricity at the Source.’’ 


THE COST OF ELECTRICITY AT THE SOURCE 
H. M. Hobart Vol. xxxiii—1914, pp. 192-200 

The Stott-Gorsuch method is applied to the determination of, the cost 
of manufacturing electricity in a 60-cycle station of 100,000 kilowatts 
installed capacity. A method is indicated for tracing through the in- 
crease in the cost of the electricity at later stages of its journey from the 
source to the consumer. 

Discussion (including that of paper by Cary T. Hutchinson) pages 
201-210, by Messrs. J. W. Lieb, Jr., H. R. Summerhayes, H. W. Buck, 
Frederick A. Scheffler, H. L. Wallau, H. B. Alverson, O. K. Harlan, H. 
C. Abell, A. H. Kruesi, V. Karapetoff, Frederick G. Strong, G. L. Knight 
and H. M. Hobart. 


General remarks on cost of equipping electric generating stations and 
some actual cost data. 
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METHODS OF KEEPING DOWN PEAKS ON POWER PURCHASED ON A PEAK 
BASIS 
T. E. Tynes Vol. xxxiii—i914, pp. 887-892 
Brief statement of two general ways of reducing peaks followed by 
description of a special peak-taking device. 
Discussion, pages 893-898, by Messrs. Rudolph Tschentscher, Paul M. 
Lincoln, J. Lester Woodbridge, J. R. Bibbins, R. H. McLain, E. D. Drey- 


fus and T. E. Tynes. 


General remarks on automatic peak absorption. Discussion of the 
economic expediency of absorbing peaks as against straight purchase of 
energy. 


ELECTRICAL FEATURES OF THE U. S. RECLAMATION SERVICE 
F. H. Newell Vol. xxxiii—i914, pp. 1609-1624 

Brief outline of electrical development problems of the Reclamation 
Service, followed by short descriptions of the chief developments. Tabu- 
lated data on the electrical installations and power plants of the Reclama- 
tion Service. 

Discussion, pages 1625-1629, by Messrs. Paul Spencer, Ralph W. Pope, 
J. E. Kershner, P. M. Lincoln, H. A. Hornor, Vladimir Karapetoff, Carl 
Hering, Mr. Bender, H. Goodwin, Jr., and F. H. Newell. 

General remarks on the cost of energy for hydroelectric developments. 


13. TRANSMISSION 


PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 
Introduction by P. W. Sothman, Chairman Vol. xxxiii—1914, pn. 105-118 

Outline of leading problems in building and operating high-tension 
lines. Selection of materials and equipment. Factors that enter into 
the design of the line structure. Extracts from reports of experience from 
various companies operating high-tension lines with special reference to 
insulation. 

APPENDIX I, pages 119-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brundige. Causes of molecular fatigue and methods 
of detection. 

APPENDIX II, pages 123-124. Radius of Influence of a Direct 
Lightning Stroke, by L. C. Nicholson. 

APPENDIX III, pages 124-127. Transmission Line Problems in the 
West, by P. M. Downing. Brief notes on experience in operation. 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect 
of switching in producing oscillations. 


PRACTICAL OPERATION OF SUSPENSION INSULATORS 
H. W. Buck » Vol. xxxiii—1914, pp. 131-137 

Brief review of difficulties experienced in operation of suspension insula- 
tors on transmission lines. Wind pressure and sleet loads. Calculation 
and design of lines to meet stresses. 

Discussion (including that of paper by P. W. Sothman), pages 138- 
154, by Messrs. H. W. Buck, F. W. Peek, Jr., Charles E. Waddell, Percy 
H. Thomas, R. J. McClelland, V. Karapetoff, P. M. Lincoln, Farley Os- 
good, J. A. Sandford, Jr., E. R. Albrecht, William L. Puffer, Ernest V. 
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Pannell, Julian C. Smith, E. A. Lof, C. O. Mailloux, E. M. Hewlett, H. 
W. Buck and K. C. Randall. 

General remarks on transmission line construction and operation. 
Insulation theory and insulator troubles. Tower specifications. Choice 
of conductor and method of stringing. Deterioration of porcelain. 
Insulator design. 


SOME SIMPLE EXAMPLES OF TRANSMISSION LINE SURGES 
W.S. Franklin Vol. xxxiii—1914, pp. 545-559 

Analytical discussion of waves produced in transmission lines by surg- 
ing. The ribbon wave and practical examples of its application. 

Discussion, pages 560-569, by Messrs. J. Murray Weed, A. G. Webster 
and A. Hamilton-Ellis. 

Mathematical analysis of transmission line performance under surging 
conditions. 

EXPERIENCES WITH LINE TRANSFORMERS 
D. W. Roper Vol. xxxiii—1914, pp. 685-679 

Analysis of the transformer troubles for one year on a system having 
nearly 15,000 transformers installed. Curves showing the record of 
burnouts of four different makes of transformers are used as a basis for a 
discussion of effect of the value placed on continuous service in the selec- 
tion of transformers. The results of experiment with improved lightning 
protection are given, showing how the troubles were reduced. 

Discussion, pages 698-710, by Messrs. W. S. Moody, A. D. Fishel, H. 
W. Hough, Paul M. Lincoln, Joseph Franz, M. O. Troy, E. E. F. Creigh- 
ton, H. B. Alverson, W. L. Granger, W. J. Wooldridge, and D. W. Roper. 

General remarks on design, operation and protection of transformer 
installations. 


INHERENT VOLTAGE RELATIONS IN Y AND DELTA CONNECTIONS 
Royal W. Sorenson and Walter L. Newton Vol. xxxiii—1914, pp. 711-727 

Results of experiments made with a miniature simple transmission 
system to demonstrate the inherent voltage relations with different 
combinations of Y and delta connections, all inductive and capacity 
effects in the transmission line being eliminated. The tests were made 
under constant conditions, with non-inductive load. 

The authors give the results of four groups of tests, on four different 
systems of connections, pointing out the advantages and disadvantages 
of the several systems. In each case tests were made without load, with 
balanced load, and with load on one phase only, for various conditions of 
grounding. Typical voltage diagrams are given, to show what happens 
under various conditions of load. 

Certain cases where the use of auto-transformers is advantageous, and 
the effects of different ways of connecting them, are discussed. 

Discussion, pages 728-733, by Messrs. Waldo V. Lyon, A. E. Kennelly 
and Harold Pender, F. W. Peek, Jr., Louis F. Blume, F. C. Green, C; L. 
Fortescue, P. M. Lincoln, J. M. Weed and D. C. Jackson. 

General remarks on the third harmonic in transformer operation. 


INFLUENCE OF TRANSFORMER CONNECTIONS ON OPERATION 
Louis F. Blume Vol. xxxiii—1914, pp. 735-752 
Discussion of relative advantages and disadvantages in operation of the 
more important three-phase transformer connections. Three conditions 
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of operation are given’ First, normal; second, operation of a bank with one 
phase disabled. third, effect of line grounds on operation. Analysis of 
insulation stresses at relatively low frequencies to which transformers 
are subject in either normal or abnormal conditions of operation. These 
frequencies include the fundamental or generated frequency and its 
harmonics and the natural frequency of the system. The behavior of 
three-phase auto-transformers under the various conditions of operation 
is also analyzed. 

Discussion, incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on “ Experience of the Pacific Gas and Electric 
Co. with the Grounded Neutral.” 


A STUDY OF SOME THREE-PHASE SYSTEMS 

Charles Fortescue Vol. xxxiii—1914, pp. 753-756 

_ Discussion of the star-star, delta-delta, delta-star and star-delta con- 
nections in order and their individual peculiarities and characteristics, 
precaution that must be taken in operation to avoid trouble, and where 
and when the system may be grounded with best results. 

Discussion incorporated with that of paper by J. P. Jollyman, P. M. 
Downing and F. G. Baum on “‘ Experience of the Pacific Gas and Electric 
Co. with the Grounded Neutral.” 


EXPERIENCE OF PACIFIC GAS AND ELECTRIC CO. WITH THE GROUNDED 
NEUTRAL 


J. P. Jollyman, P. M. Downing and F. G. Baum. Vol. xxxili— 1914, pp. 767-772 


Outline of the distributing system of the Pacific Gas and Electric Com- 
pany of California which operates at 60 kv., the transformers being Y- 
connected, with the neutrals solidly grounded. 

Discussion (including that of papers by Louis F. Blume and Charles 
Fortescue), pages 773-802, by Messrs. Guido Semenza, F. F. Brand, W.W. 
Lewis, V. M. Montsinger, C. M. Davis, L. F. Blume, H. S. Osborne, F. E. 
Haskell, H. S. Osborne, C. O. Mailloux, E. E. F. Creighton, John B. 
Taylor, F. C. Green, P. M. Lincoln, D. W. Roper, F. W. Peek, Jr., J. R. 
Werth, C. L. Fortescue and Max H. Collbohm. 

Summary of transformer connection practice in Italy. Classification 
of high tension transmission systems of the world on basis of star and delta. 
Operating results of six great transmission systems. Results of tests on 
effect of capacity and inductance upon third harmonics in star auto- 
transformers. Comparison of star and delta from point of view of tele- 
phone disturbances. The problem of insulating transmission lines. 


DELTA AND Y CONNECTIONS FOR RAILWAY TRANSMISSION AND 
DISTRIBUTION 
Cassius M. Davis Vol. xxxiii—1914, pp. 807-810 
Brief statement of problem of selecting connections for railway system. 
Discussion, (including that of paper by T. S. Eden), pages 811-817, by 
Messrs. John B. Taylor, C. J. Fechheimer, E. G. Merrick, T. S. Eden, 
R. E. Doherty, Cassius M. Davis and Selby Haar. 
Advantages of delta connection of alternators. Connection of turbo- 


alternators. 
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ENGINEERING DATA RELATING TO HIGH-TENSION TRANSMISSION SYSTEMS 
Sub-Committee Report Prepared by the Chairman Vol. xxxiii—1914, pp, 1013-1089 

Introduction. Classified list of power companies reporting and _ brief 
outline of scope of each report. Typical classification of information 
received by the committee. Drawings and tables for transmission line 
construction. 

Discusston, pages 1090-1105, by Messrs. John B. Fisken, Percy H. 
Thomas, S. C. Lindsay, Ernest V. Pannell, E. E. F. Creighton, F. W. 
Peek, Jr., R. Fleming, H. H. Norton, M. von Recklinghausen, D. D. 
Ewing, R. E. Argersinger, E. A. Lof and Selby Haar. 

Explanation of cause of deterioration of high-tension conductors. 
Operation of reverse power relays. European high-tension practice. 
Comprehensive list of references to high-tension engineering articles in 
periodicals of the world. 


PROVISIONAL SPECIFICATION FOR INSULATOR TESTING 
Covering Inspection and Tests of High-Tension Line Insulators of Porcelain, for over 
25,000 Volts 
Vol. xxxiii—1914, pp. 1107-1119 
Discussion, pages 1120-1132, by Messrs. Percy H. Thomas, E. E. F. 
Creighton, Edward Bennett, E. M. Hewlett, Farley Osgood, S. C. Lind- 
say, John B. Fisken, F. W. Peek, Jr., and William B. Jackson. 
General remarks on scope and character of the specifications. 


150,000-VOLT TRANSMISSION SYSTEM 

Some Operating Conditions of the Big Creek Development of the Pacific Light & Power 
Corporation 

Edward Woodbury Vol. xxxiii—1914, pp. 1283-1294 

Description of operating conditions on the 150,000-volt transmission 
240-mile line of the Pacific Light and Power Corporation. 

Appendixes describe the development of the system, and give com- 
prehensive data relating to the equipment of the Big Creek transmission 
line. 

Discussion, pages 1295-1298, by Messrs. J. Harisberger, J. B. Fisken, 
A. A. Miller, M. H. Gerry, Jr., E. Woodbury and V. H. Greisser. 

Early experience with high-tension lines in the West. Necessity of 
synchronous condenser for very high-tension operation of long lines. 


A DISTRIBUTION SYSTEM FOR POWER PURPOSES 
F. D. Nims Vol. xxxiii—1914, pp. 1299-1304 

Description of the distribution system of the Western Canada Power 
Company, Limited, touching on the overhead and underground systems 
in general. Advantages obtained by duplicating lines, both for elim- 
inating outages and from a financial standpoint. Also the advantages 
obtained by using a steel-taped lead-armored cable placed directly in 
the ground, figures showing the exact cost of such an installation being 
given. 

Discussion, pages 1305-1313, by Messrs. J. B. Fisken, P. M. Lincoln, 
F. L. Rohrbach, C. S. MacCalla, H. V. Carpenter, Edward Woodbury, 
G. B. Rosenblatt, John Harisberger, L. J. Corbett, Paul Lebenbaum, 
M. T. Crawford and F. D. Nims. 

Experience with underground cables without ducts. 
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ECONOMY IN THE OPERATION OF 55,000-VOLT INSULATORS 
M. T. Crawford _ Vol. xxxiii—1914, pp. 1429-1434 


Brief outline of the operating experience on three 55,000-volt lines, 
two of which have been in service 10 years and one 5 years, covering 
the progress of insulator construction. A device is described by means 
of which defective insulators can be readily detected in the very early 
stages of deterioration. 

Discussion, pages 1435-1440, by Messrs. J. Harisberger, M. H. Gerry, 
[re Velie Gresser a5 A. WVullerwH- Re Noack, ER Cornick, ‘PY M. 
Lincoln, L. T. Merwin, L. J. Corbett, Ralph W. Pope and E. Woodbury. 


Experience in the operation of high-tension insulators. 


REPORT BY THE JOINT COMMITTEE ON INDUCTIVE INTERFERENCE TO THE 
RAILROAD COMMISSION OF THE STATE OF CALIFORNIA 


Vol. xxxiii—1914, pp. 1441-1485 


Brief account of the formation of the Committee, its activities and 
results accomplished and recommendations for rulings by the Railroad 
Commission of the State of California, together with a scientific technical 
discussion in explanation of the results and recommendations. 

Discussion, pages 1486-1508, by Messrs. P. N. Nunn, J. B. Fisken, 
A. H. Halloran, A. J. Bowie, Geo. S. Humphrey. J. C. Martin, L. J. 
Corbett, Chas. P. Kahler, L. T. Merwin, C. E. Rogers, A. J. Bowie, Jr., 
and A. H. Babcock. 

Criticism and defense of the rules. Question of partisanship in the 
drafting of the rules. 


EFFECT OF ALTITUDE ON THE SPARK-OVER VOLTAGES OF BUSHINGS, LEADS 
AND INSULATORS 


F. W. Peek, Jr. Vol. xxxiii—1914, pp. 1721-1730 


Investigation of the effect of altitude and temperature on the surface 
spark-over of leads and insulators. Correction factors for various stand- 
ard types. Data tabulated and plotted. 

Discussion incorporated with that of paper by A. O. Austin on “ In- 
sulator Depreciation and Effect on Operation.”’ 


INSULATOR DEPRECIATION AND EFFECT ON OPERATION 
A. O. Austin Vol. xxxiii—1914, pp. 1731-1734 


Analytical discussion of mechanical defects in line insulators as de- 
veloped by actual practice. Presentation of method of calculating the 
probable depreciation of insulators. 

Discussion (including that of paper by F. W. Peek, Jr.), pages 1745- 
1766, by Messrs. Harvey L. Curtis, D. B. Rushmore, 1D, Dy Eby, P. 
W. Sothman, Selby Haar, Charles P. Steinmetz, E. E. F. Creighton, 
Farley Osgood, F. W. Peek, Jr., Edward J. Cheney, H. H. Sticht, H. 
H. Schneider and R. P. Jackson. 

Investigation of surface resistance of various materials with quanti- 
tative results plotted as curves. General remarks on line insulators 
and tests for location of faulty ones. 
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SPECIFICATION AND ANALYTICAL PROCEDURE FOR 30 PER CENT HEVEA 
RUBBER INSULATING COMPOUND 
Report of the Joint Rubber Insulation Committee Appointed by a Group of Manufacturers 
and Users of Rubber Compounds, 1911-1914 


Vo. xxxiii—1914, pp. 1767-1786 
Part I—General Report 
Part II—Analytical Procedure 
Part III—Explanation of Procedure 
Part [V—Specification 
Part V—Explanation of Specification 


14. ELECTRIC SERVICE DISTURBANCES AND 
PROTECTION 


PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 

Introduction by P. W. Sothman, Chairman Vol. xxxiii—1914, pp. 105-118 

Outline of leading problems in building and operating high-tension 
lines. Selection of materials and equipment. Factors that enter into 
the design of the line structure. Extracts from reports of experience 
from various companies operating high-tension lines with special refer- 
ence to insulation. 

APPENDIX I, pages 119-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brundige. Cause of molecular fatigue and methods 
of detection. 


APPENDIX II, pages 123-124. Radius of Influence of a Direct 
Lightning Stroke, by L. C. Nicholson. 

APPENDIX III, pages 124-127. Transmission Line Problems in 
the West, by P. M. Downing. Brief notes on experience in operation. 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect 
of switching in producing oscillations. 


THE PRESENT STATUS OF ALUMINUM-CELL LIGHTNING ARRESTERS 
E. E. F. Creighton Vol. xxxiii—1914, pp. 293-300 

Brief survey of the conditions of operation of aluminum-cell arresters. 
References to recent investigations of lightning phenomena and their 
possible effects upon the design of protective apparatus. Characteristics 
of aluminum-cell arrester including dielectric spark lag, dissolution of film, 
charging resistance, oscillations, damping surges due to natural operations. 
Characteristics of d-c. aluminum arrester. 

Discussion, pages 301-308, by Messrs. V. Karapetoff, F. W. Peek, Jr., 
L. C. Nicholson, C. O. Mailloux, C. P. Steinmetz and E. E. F. Creighton. 

Lightning and other high-voltage and high-frequency disturbances. 


SOME INVESTIGATIONS ON LIGHTNING PROTECTION FOR BUILDINGS 
L. A. DeBlois Vol. xxxiii—1914, pp. 519-535 

Description of investigations conducted for a large manufacturer of 
explosives to determine upon a suitable system of lightning protection for 
buildings containing explosives. 

An analysis by oscillograph of the secondary currents induced by actual 
lightning discharges in vertical earthed conductors. Tentative explana- 
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tion of the phenomena generally attributed to high-frequency oscillations 
by the existence of unidirectional waves of almost vertical front. 

An investigation of the primary effects of a 20-in. spark in air having 
the same essential characteristics as those attributed to lightning when 
applied to a model protective system consisting of isolated vertical con- 
ductors surrounding a small building. 

An investigation of the secondary effects produced under the above 
conditions. 

Brief description of a general protective system recommended for ex- 
plosives buildings. 

Discussion, pages 536-544, by Messrs. E. E. F. Creighton, George R. 
Olshausen, A. G. Webster, Elihu Thomson, W. J. Humphreys, Trygve 
D. Yensen and L. A. DeBlois. 

Remarks on the nature of lightning and lightning strokes. 


EXPERIENCES WITH LINE TRANSFORMERS 
D.W. Roper Vol. xxxiii—1914, pp. 685-697 


Analysis of the transformer troubles for one year on a system having 
nearly 15,000 transformers installed. Curves showing the record of 
burn-outs of four different makes of transformers are used as a basis for a 
discussion of effect of the value placed on continuous service in the selec- 
tion of transformers. The results of experiment with improved lightning 
protection are given, showing how the troubles were reduced. 

Discussion, pages 698-710, by Messrs. W. 5. Moody, A. D. Fishel, H. W. 
Hough, Paul M. Lincoln, Joseph Franz, M. O. Troy, E. E. F. Creighton, 
H. B. Alverson, W. L. Granger, W. J. Wooldridge and D. W. Roper. 

General remarks on design, operation and protection of transformer 
installations. 

VOLTAGE TESTING OF CABLES 
W. I. Middleton and Chester L. Dawes Vol. xxxiii—1914, 1185-1206 


Analysis of e. m. f. stresses in insulation. Tests that must be made, 
followed by description of new type of oscillating voltmeter for measuring 


peak values. 


Discussion, pages 1207-1215, by Messrs. W. A. Del Mar, C. O. Mailloux, 
Henry G. Stott, E. E. F. Creighton, Charles L. Fortescue, Percy H. 
Thomas, J. R. Craighead, W. I. Middleton and Chester L. Dawes. 

General remarks on voltage testing of cables—what voltage, what 
sources. Cause of third harmonic disturbances and effect of peak e. m. f. 


PROTECTIVE REACTORS FOR FEEDER CIRCUITS OF LARGE CITY POWER 
SYSTEMS 


James Lyman, Leslie L. Perry and A. M. Rossman Vol. xxxiii—1914, pp. 1509-1519 


Outline of the use and limitations of protective reactance coils in feeder 
circuits. Curves giver’ showing what the effects of feeder reactors are, 
with and without bus reactors, for generators of various reactances. The 
advantages that might be gained by parallel operation of feeders are 
discussed and the difficulties to be encountered are pointed out. 

Discussion incorporated with that of paper by J. L. McK. Yardley on 
“Use of Reactance with Synchronous Converters.” 
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USE OF REACTANCE WITH SYNCHRONOUS CONVERTERS 
An Insurance to Continuity of Service and a Protection to Apparatus. 
J. L. McK. Yardley Vol. xxxiii—1914, pp. 1521-1533 

Results of overload and short-circuit tests upon two synchronous con- 
verters of widely different operating characteristics in circuit with auxi- 
liary reactors. In the one case the reactor is in the a-c. circuit and in the 
other in the d-c. circuit. 

Division of synchronous converter installations into a few general classes 
with respect to the character and exactions of the service conditions under 
which they are required to operate with respect to the need of desirability 
of employing protective reactance, and also with respect to the general 
design or type of the reactor to be employed. 

Discussion, pages 1534-1547, by Messrs. D. B. Rushmore, Philip Tor- 
chio, H. W. Buck, H. R. Summerhayes, J. J. Frank, N. W. Storer, George 
T. Hanchett, Carl J. Fechheimer, Mr. Woodward, Mr. Howard, Mr. Burn- 
ham, J. L. McK. Yardley and John B. Taylor. 

General remarks on design and application of protective reactors. 


15. DISTRIBUTION SYSTEMS 


OUTDOOR VS. INDOOR SUBSTATIONS 

Alexander Macomber Vol. xxxiii—1914, pp. 57-63 

Brief review of the types of apparatus that have been developed for 
outdoor substation operation. Classification of outdoor substations 
according to application, and discussion of each. Relative merits of 
outdoor and indoor substations. 

Discussion incorporated with that of paper by Leslie L. Perry on “‘ Out- 
door Substations in the Middle West.” 


OUTDOOR SUBSTATIONS IN NEW ENGLAND 
Fred L. Hunt Vol. xxxiii—1914, pp. 65-69 
Brief description and discussion of two substations of the Amherst 
‘Power Company, giving the basis of choice between the outdoor and in- 
door stations. Care of transformers and oil switches in freezing weather. 
Discussion incorporated with that of paper by Leslie L. Perry on ‘‘ Out- 
door Substations in the Middle West.” 


INDOOR AND OUTDOOR SUBSTATIONS IN PENNSYLVANIA 

H. L. Fullerton Vol. xxxiii—1914, pp. 71-87 

General analysis of substations designed for primary voltages below 
20,000. Both indoor and outdoor types considered, being classified 
under the heads: Customers’ stations fed from distribution, customers’ 
stations fed from transmission system, company’s stations. Selection 
of location, type of building, apparatus, etc. Relative costs of different 
types of construction. General layouts for typical bus arrangements. 
Relative merits of outdoor and indoor stations. 

Discussion incorporated with that of paper by Leslie L. Perry on ‘‘ Out- 
door Substations in the Middle West.” 


OUTDOOR SUBSTATIONS IN THE MIDDLE WEST 
Leslie L. Perry Vol. xxxiii—1914, pp. 89-91 


Experience with small high-tension substations installed out-doors on’ 


towers. 
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Discussion (including that of paper by Messrs. Alexander Macomber; 
Fred L. Hunt: and H. L. Fullerton), pages 92-103, by Messrs. A. H. 
Kruesi, A. R. Smith, Roy E. Argersinger, H. B. Gear, W. 5. Moody, 
Allen M. Rossman, J. C. Smith, P. W. Sothman, J. Edward Kearns, 
K. C. Randall, Henson E. Bussey, E. A. Lof, Farley Osgood and Dugald 
C. Jackson. 

Field for outdoor substations. Limitations of apparatus for outdoor 
substations. 

DISTRIBUTION OF ELECTRICAL ENERGY 
Report of Sub-Committee on Distribution 
P. Junkersfeld, Chairman Vol. xxxiii—1914, pp. 211-217 

General remarks on desirability of few large substations compared 
with many small ones. Bibliography of distribution for light, power 
and railways. Cables and underground construction. 

APPENDIX I, pages 217-222. Three-Wire D-C. Distribution, by 
Philip Torchio. Brief review of practice. 

APPENDIX II, pages 222-235. Alternating-Current Distribution, 
by (2.6. Geary |. Bret outline of practice for distribution of electric 
energy in bulk and also for general use. Typical circuits and networks. 
Demand factors. Advice for selection of apparatus for substations 
and distribution systems. 

APPENDIX III, pages 236-240. Effect of Consumers’ Apparatus 
and Wiring on Distribution, by H. Goodwin. Rules for governing 
consumers’ load characteristics. 

APPENDIX IV, pages 240-251. Direct-Current Distribution for 
Surface Railways—Urban Service, by R. H. Rice. General analytical 
discussion of the system including substations, feeders, working con- 
ductors and return. 

APPENDIX V, pages 251-259. Direct-Current Distribution for 
Underground and Elevated Railways, by E. J. Blair. Working or 
contact conductor layout for different types of systems in actual use with 
special regard to feeding points and sectionalization. 

APPENDIX VI, pages 259-261. Direct-Current Distribution for 
Interurban and Steam Railroads, by W. G. Carlton. Brief notes on 
various types and word about choice of working e.m.f. 

APPENDIX VII, pages 261-262. A-C. Distribution for Interurban 
and Steam Railroads, by W. S. Murray. Recommendation of single- 
phase overhead construction. 

APPENDIX VIII, pages 262-266. The Relation of Distribution 
Problems and Switching Apparatus, by EH. B. Merriam. Brief dis- 
cussion of factors most affected by switching, such as reliability of ser- 
vice, protection of system from disturbances, and safety of operators. 

APPENDIX IX, pages 266-269. Distribution for Street Lighting 
Service, by Paul M. Lincoln. Advantages of constant current series 
system of distribution. 

Discussion, pages 270-282, by Messrs. H. L. Wallau, Philip Torchio, 
S. D. Sprong, D. W. Roper, E. M. Hewlett, H. R. Summerhayes, John 
B. Taylor, E. W. Trafford, J. T. Kelly, i Joleva Murphy, H. B. Gear 
and Carl Schwartz. 

General remarks on operation of distribution circuits and experience 
with control, protective and switching apparatus of various types. 
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MINE SUBSTATIONS 
heir Construction and Operation 
H. Booker Vol, xxxiii—1914, pp. 439-444 

Brief practical discussion of layout, operation and maintenance of 
substations around coal mines. List of common defects in design of 
substations and faults in the organization of the operating force. 

Discussion (including that of paper by Will M. Hoen), pages 445- 
449, by Messrs. W. A. Thomas, P. M. Lincoln, N. Stahl, and Will M. 
Hoen. ; 

Use of synchronous converters im mines. Load characteristics of 
mines. 

A DISTRIBUTION SYSTEM FOR POWER PURPOSES 
F. D. Nims Vol. xxxiii—1914, pp. 1299-1304 

Description of the distributiort system of the Western Canada Power 
Company, Limited, touching on the overhead and underground systems 
in general. Advantages obtained by duplicating lines, both for elim- 
inating outages and from a financial standpoint. Also the advantages 
obtained by using.a steel-taped lead-armored cable placed directly in 
the ground, figures showing the exact cost of such an installation being 
given. 

Discussion, pages 1305-1313, by Messrs. J. B. Fisken, P. M. Lincoln, 
F. L. Rohrbach, C. §. MacCalla, H. V. Carpenter, Edward Woodbury, 
G. B. Rosenblatt, John Harisberger, L. J. Corbett, Paul Lebenbaum, 
M. T. Crawford and F. D. Nims. : 

Experience with underground cables without ducts. 


PROTECTIVE REACTORS FOR FEEDER CIRCUITS OF LARGE CITY POWER 
SYSTEMS 

James Lyman, Leslie L. Perry and A. M. Rossman . Vol. xxxiii—1914, pp. 1509-1519 

Outline of the use and limitations of protective reactance coils in 
feeder circuits. Curves given showing what the effects of feeder reactors 
are, with and without bus reactors, for generators of various reactances. 
The advantages that might be gained by parallel operation of feeders 
are discussed and the difficulties to be encountered are pointed out. 

Discussion, incorporated with that of paper by J. L. McK. Yardley 
on “ Use of Reactance with Synchronous Converters.” 


16. CONTROL, REGULATION AND SWITCHING 


PROBLEMS OF HIGH-TENSION TRANSMISSION LINES 
Report of Sub-Committee on Transmission 
Introduction by P. W. Sothman, Chairman Vol. xxxiii—1914, pp. 105-118 

Outline of leading problems in building and operating high-tension 
lines. Selection of materials and equipment. Factors that enter into 
the design of the line structure. Extracts from reports of experience 
from various companies operating high-tension lines with special refer- 
ence to insulation. 

APPENDIX I, pages 119-122. Deterioration of Porcelain Insulators 
in Service, by J. A. Brundige. Cause of molecular fatigue and methods 
of detection. 

APPENDIX I, pages 123-124. Radius of Influence of a Direct 
Lightning Stroke, by L. C. Nicholson. 
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APPENDIX III, pages 124-127. Transmission Line Problems in 
the West, by P. M. Downing. Brief notes on experience in operation, 

APPENDIX IV, pages 127-129. Switching, by G. Faccioli. Effect 
of switching in producing oscillations. 


RECORDING DEVICES 
Charles P. Steinmetz Vol. xxxiii—1914, pp. 283-292 


Fundamental types of automatic recorders. Demonstration by prac- 
tical examples of usefulness of automatic recorders in operation of elec- 


tric systems. Use of multi-recorder. 


No discussion. 


MINE DUTY CONTROLLERS 


Harrison P. Reed Vol. xxxiii—1914, pov. 367-376 


Discussion of the advisable types of control to be used for various 
mining equipment, particularly in bituminous coal mines. Operating 
conditions are taken up in detail and proper control equipment suggested 
to meet these conditions. 

Discussion, pages 376-384, by Messrs. F. L. Stone, Sidney G. Vigo, 
Graham Bright, H. H. Clark, H. D. James, W. C. Kennedy, C. J. E. 
Waxbom, W. M. Hoen and Arthur S. Biesecker. 

General remarks on control, systems for mill work. Oil vs. air-break 
contactors. Explosion-proof cases for switches and motors. 


INHERENT VOLTAGE RELATIONS IN Y AND DELTA CONNECTIONS 
Royal W. Sorensen and Walter L. Newton Voi. xxxiii—1914, pp. 711-727 

Results of experiments made with a miniature simple transmission 
system to demonstrate the inherent voltage relations with different com- 
binations of Y and delta connections, all inductive and capacity effects 
in the transmission line being eliminated. The tests were made under 
constant conditions, with non-inductive load. 

The authors give the results of four groups of tests, on four different 
systems of connections, pointing out the advantages and disadvantages 
of the several systems. In each case tests were made without load, with 
balanced load, and with load on one phase only, for various conditions 
of grounding. Typical voltage diagrams are given, to show what hap- 
pens under various conditions of load. 

Certain cases where the use of auto-transformers is advantageous, and 
the effects of different ways of connecting them, are discussed. 

Discussion, pages 728-733, by Messrs. Waldo V. Lyon, A. E. Kennelly 
and Harold Pender, F. W. Peek, Jr., Louis F. Blume, F. C. Green, Ge 
L. Fortescue, P.-M. Lincoln, J. M. Weed ‘and D. C. Jackson. 

General remarks on the third harmonic in transformer operation. 


CONCATENATED INDUCTION MOTORS FOR ROLLING MILL DRIVE 
William O. Oschmann Vol. xxxiii—1914, pp. 899-920 


Description of a six-speed concatenated induction motor set for driv- 
ing the finishing rolls of a 12-stand continuous mill and analysis of the 
conditions that determined choice of prime mover and motor drive 
control. Load diagrams and power characteristics curves. 

Discussion, page 921, by Messrs. Rudolph Tschentscher, T. E. Tynes 
and A. E. Averrett. 
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ENGINEERING DATA RELATING TO HIGH-TENSION TRANSMISSION SYSTEMS 
Sub-Committee Report Prepared by the Chairman. 
Vol. xxxiii—1914, pp. 1013-1089 

Introduction. Classified list of power companies reporting and brief 
outline of scope of each report. Typical classification of information 
received by the committee. Drawings and tables for transmission line 
construction. 

Discussion, pages 1090-1105, by Messrs. John B. Fisken, Percy H. 
Thomas, S. C. Lindsay, Ernest V. Pannell, E. E. F. Creighton, F. W. 
Peek, Jr., R. Fleming, H. H. Norton, M. von Recklinghausen, D. D. Ew- 
ing, R. E. Argersinger, E. A. Lof and Selby Haar. 

Explanation of cause of deterioration of high-tension conductors. 
Operation of reverse power relays. European high-tension practice. 
Comprehensive list of references to high-tension engineering articles in 
periodicals of the world. 


150,000-VOLT TRANSMISSION SYSTEM 
Some Operating Conditions of the Big Creek Development of the Pacific Light & Power 
Corporation 

Edward Woodbury Vol. xxxiii—1914, pp. 1283-1294 

Description of operating conditions on the 150,000-volt transmission 
240-mile line of the Pacific Light and Power Corporation. 

Appendixes describe the development of the system, and give compre- 
hensive data relating to the equipment of the Big Creek transmission line. 

Discussion, pages 1295-1298, by Messrs. J. Harisberger, J. B. Fisken, A. 
A. Miller, M. H. Gerry, Jr., E. Woodbury, and V. H. Greisser. 

Early experience with high-tension lines in the ‘West. Necessity of 
synchronous condenser for very high-tension operation of long lines. 


17. TRACTION 


DISTRIBUTION OF ELECTRICAL ENERGY 
Report of Sub-Committee on Distribution 
P. Junkersfeld, Chairman Vol. xxx1ii—i1914, pp. 211-217 

General remarks on desirability of few large substations compared with 
many small ones. Bibliography of distribution for light, power and 
railways. Cables and underground construction. 

APPENDIX I, pages 217-229. Three-Wire D-C. Distribution, by 
Philip Torchio. Brief review of practice. 

APPENDIX II, pages 229-235. Alternating-Current Distribution, 
by H. B. Gear. Brief outline of practice for distribution of electric energy 
in bulk and also for general use, Typical circuits and networks, Demand 
factors. Advice for selection of apparatus for substations and distribu- 
tion systems. 

APPENDIX III, pages 236-240. Effect of Consumers’ Apparatus 
and Wiring on Distribution, by H. Goodwin. Rules for governing con- 
sumers’ load characteristics, 

APPENDIX IV, pages 240-251. Direct-Current Distribution for 
Surface Railways—Urban Service, by R. H. Rice. General analytical 
discussion of the system including substations, feeders, working conduc- 
tors and return. . 

APPENDIX V, pages 251-259. Direct-Current Distribution for Un- 
derground and Elevated Railways, by E. J. Blair. Working or contact 
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conductor layout for different types of systems in actual use with special 
regard to feeding points and sectionalization. 

APPENDIX VI, pages 259-261. Direct-Current Distribution for 
Interurban and Steam Railroads, by W. G. Carlton. Brief notes on 
various types and word about choice of working e. m. f. 

APPENDIX VII, pages 261-262. A-C. Distribution for Interurban 
and Steam Railroads, by W. S. Murray. Recommendation of single- 
phase overhead construction. 

APPENDIX VIII, pages 262-266. The Relation of Distribution Prob- 
lems and Switching Apparatus, by E. B. Merriam. Brief discussion of 
factors most affected by switching, such as reliability of service, protection 
of system from disturbances, and safety of operators. 

APPENDIX IX, pages 266-269. Distribution for Street Lighting 
Service, by Paul M. Lincoln. Advantages of constant current series 
system of distribution. 

Discussion, pages 270-282, by Messrs. H. L. Wallau, Philip Torchio, 
S. D. Sprong, D. W. Roper, E. M. Hewlett, H. R. Summerhayes, John 
B. Taylor, E. W. Trafford, J. T. Kelly, Jr., John Murphy, H. B. Gear 
and Carl Schwartz. 

General remarks on operation of distribution circuits and experience 
with control, protective and switching apparatus of various types. 


A COMPARISON OF THE TELEGRAPH WITH THE TELEPHONE AS A MEANS OF 
COMMUNICATION IN STEAM RAILROAD OPERATION 
M. H. Clapp Vol. xxxiii—1914, pp. 319-338 

Brief historical description of the use of telegraph and telephone on 
railroads. Description of typical railroad telegraph system. Cost and 
method of operation. Discussion of advantages and disadvantages of 
telegraph for railroad work. Description of typical railroad telephone 
plant, cost and method of operation, followed by discussion of advantages 
and disadvantages. Comparison of telegraph with telephone for handling 
railroad traffic and business. 

Discussion (including that of paper by W. Lee Campbell), pages 339- 
351, by Messrs. William Maver, Jr., William E. Harkness, R. N. Hill, 
D. P. Grace, John B. Taylor, W. Lee Campbell, M. H. Clapp and Donald 
MeNicol. 

General remarks on use of telephone and telegraph on railroads. Use 
of composite telephone and telegraph circuits. Cost of phantom circuits. 
Speed and efficiency of telegraph compared with telephone. 


THE DEVELOPMENT OF THE ELECTRIC MINE LOCOMOTIVE 
G. M. Eaton Vol. xxxiii—1914, pp. 403-414 

Evolution of coal mine locomotive with illustrations. Various types of 
mine locomotives, construction shown and briefly discussed. Also brief 
reference to various types of motors with different methods of lubrication 
and bearing construction. Design data plotted to show tendency of 
future development. 

Discussion, pages 415-429, by Messrs. W. W. Miller, C. W. Beers, Carl 
J. E. Waxbom, Graham Bright, F. L. Stone, G. M. Eaton, L. J. Ilsey, W. 
A. Thomas, G. H. Shapter, BE. H. Martindale and N. W. Storer. 

General remarks on constructional features of mine locomotives. Data 
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on costs, repairs and troubles from actual experience. Experience with 
ball bearings. 


DELTA AND Y CONNECTIONS FOR RAILWAY TRANSMISSION AND 
DISTRIBUTION 

Cassius M. Davis Vol. xxxiii—1914, pp. 807-810 

Brief statement of problem of selecting connections for railway system. 

Discussion (including that of paper by T. S. Eden), pages 811-817, by 
Messrs. John B. Taylor, C. J. Fechheimer, E. G. Merrick, T. S. Eden, 
R. E. Doherty, Cassius M. Davis and Selby Haar. 

Advantages of delta connection of alternators. Connection of turbo 
alternators. 


THE ELECTRICAL OPERATION OF THE BUTTE, ANACONDA & PACIFIC 
RAILWAY 

J. B. Cox Vol. xxxiii—1914, pp. 1369-1393 

Review of engineering study and construction of the electrical installa- 
tion of the Butte, Anaconda and Pacific Railway, giving reasons for 
using purchased energy and showing by curves and tables the savings 
accomplished over previous steam operation. 

Discussion, pages 1394-1403, by Messrs. Paul Lebenbaum, C.P. Kahler, 
J. C. Ralston, A. A. Miller, W. K. Stacy and J. B. Cox. 

Additional data on the repair of locomotives and the operation of col- 
lectors. Comparison of electric with steam locomotive repairs. 


REPORT BY THE JOINT COMMITTEE ON INDUCTIVE INTERFERENCE TO THE 
RAILROAD COMMISSION OF THE STATE OF CALIFORNIA 


Vol. xxxiii—1914, pp. 1441-1485 

Brief account of the formation of the Committee, its activities and re- 
sults accomplished and recommendations for rulings by the Railroad 
Commission of the State of California, together with a scientific technical 
discussion in explanation of the results and recommendations. 

Discussion, pages 1486-1508, by Messrs. P. N. Nunn, J. B. Fisken, A. 
H. Halloran, A. J. Bowie Geo. S. Humphrey, J. C. Martin, L. J. Corbett, 
Chas. P. Kahler, L. T. Merwin, C-B. Rogers, A. J. Bowie, Jr., and A. H. 
Babcock. 

Criticism and defense of the rules. Question of partisanship in the 
drafting of the rules. 


GRAPHIC METHOD FOR SPEED-TIME AND DISTANCE-TIME CURVES 
E. C. Woodruff Vol. xxxiili—1914, pp. 1673-1676 

Description of a simple method for obtaining speed-time and distance- 
time curves, which avoids the usual step-by-step process. 

Discussion, pages 1677-1719, by Messrs. Selby tiaare Cm) Mailloux, 
N. W. Akimoff, F. Castiglioni, F. E. Wynne, N. W. Storer, E. C. Wood- 
ruff and D. D. Ewing. 

Resume of the Mailloux method of calculating and plotting speed- 
time and curves and comparison with the author’s method. Equation 
for practical motor acceleration curves. Use of speed-distance curve 
for finding cutting off point. Use of slide rule for motor characteristic 
curves in speed-time curve calculations and determination of the capacity 


of railway motors. Castiglioni method compared with Mailloux method 
of speed-time calculations. 
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18. LIGHTING AND LAMPS 


SELF-CONTAINED PORTABLE ELECTRIC MINE LAMPS 

H. O. Swoboda Vol. xxxiii—1914, pp. 385-396 

General requirements of safety lamp for mines. Description of con- 
struction of groups of prize-winning electric lead storage battery safety 
lamps. Method of caring for lamps and batteries. Cost of operation. 

Discussion, pages 397-401, by Messrs. H. H. Clark, H. H. Smith, R. 
C. Burrows, and H. O. Swoboda. 

Advantages of the alkaline battery. 


19. ELECTRICITY IN THE ARMY AND NAVY 


: ELECTRICITY THE FUTURE POWER FOR STEERING VESSELS 
H. L. Hibbard Vol. xxxiii—1914, pp. 619-648 


Brief description of steam steering gear and recital of disadvantages, 
followed by advantages of electric system. Brief historical resume of 
electric steering gear installations. Description of installations on 
battleship Texas, giving calculations of horse power and results of tests. 
Actual recording ammeter curves. 

Discussion, pages 649-657, by Messrs. G. A. Pierce, Jr., Mathias 
Pfatischer, Maxwell W. Day, R. A. Beekman, H. L. Hibbard and H. 
A. Hornor. 

Early installations on Russian warships. Defense of Pfatischer elec- 
tric steering system. Advantages of motor-generator steering systems. 
Disadvantages of contactor type of electric steering gear. 


THE FUTURE OF ELECTRIC HEATING AND COOKING IN MARINE SERVICE 
H. J. Mauger Vol. xxxiii—1914, pp. 659-668 


General remarks on use and future of electric cooking on board ship. 

Brief description of equipment of battleship Texas and results of tests 
of power consumption. Advantages of electric cooking and heating. 

Discussion, pages 669-672, by Messrs. W. S. Hadaway, E. F. Dutton, 
H. J. Mauger and Frank T. Leilich. 

Disadvantages of electric cooking on board ship. Difficulties of build- 
ing resistors for high surface temperatures. 


ELECTRIC HEATING AS APPLIED TO MARINE SERVICE 
C. S. McDowell and D. M. Mahood Vol. xxxiii—1914, pp. 839-850 


A comparison of convection and radiant heaters, the proper use of 
each type being shown, for space heating on shipboard with metal decks 
and bulkheads. 

Curves showing results obtained on tests to determine the best type 
of heater for shipboard and desirable features of heater are indicated. 

Discussion, pages 851-855, by Messrs. W. S. Hadaway, Jr., Alfred 
EB. Waller, Charles D. Knight, D. B. Rushmore, F. C. Caldwell, D. 
M. Mahood, and H. A. Hornor. 

Results of electric heating tests at the University of Nebraska. Rela- 
tive merits of open-coil and enclosed heater units. 


LLY DRIVEN GYROSCOPE IN MARINE WORK 
Hac. ae bom ea Vol. xxxiii—1914, pp. 857-871 


Definition of gyroscope and brief statement of practical uses to which it 


has been put. 
A general description of the gyro-compass as adopted by the United 


States Navy for use on all the battleships and submarine vessels, and of 
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the many electrical and mechanical devices that have been developed 
by E. A. Sperry to perform the various functions whereby an instrument 
of great precision has been secured. 

Brief mention of large gyroscopes which are capable of counteracting 
enormous wave forces and completely stabilizing any ship against rolling 
in the heaviest seas. , 

Discussion, page 872, by Messrs. Alfred E. Waller and H. C. Ford. 

Remarks on stabilizing action of gyroscope. 

SUBMARINE SIGNALING 
The Protection of Shipping by a Wall of Sound and Other Uses of the Submarine Telegraph 


Oscillator 
R. F. Blake Vol. xxxiii—1914, pp. 1549-1561 


Dangers of the sea. Outline of development of underwater signaling. 
Description of Fessenden oscillator and uses to which it may be put. 
Report of Capt. Quinan on equipment of U. S. revenue cutter Miami. 

Discussion, pages 1562-1565, by Messrs. W. S. Franklin, H. J. W. 
Fay, Elmer A. Sperry, G. A. Hoadley, H. A. Hornor, George Breed, 
John B. Taylor and J. L. Woodbridge. 


ELECTRICAL EQUIPMENT OF THE ARGENTINE BATTLESHIP “MORENO” 
H. A. Hornor Vol. xxxiii—1914, pp. 1567-1592 

Description of the electrical installation of one of the two Argentine 
battleships building in this country. The methods of installation and 
distribution of energy, and the results secured by departure from present 
practise. 

Detailed descriptions are given of important and unusual equipments 
such as steering gear, anchor windlass, searchlights, gyro-compass, etc., 
etc. 

Discussion, pages 1593-1608, by Messrs. H. L. Hibbard, Maxwell W. 
Day, G. A. Pierce, Jr., Elmer A. Sperry, B. B. Bierer, J. H. Linnard, W. 
F. Cochrane, Clyde S. McDowell, L. C. Porter and H. A. Hornor. 


General remarks and comments on electrical installation practise for 
the navy. 


20. MISCELLANEOUS APPLICATIONS OF ELECTRICITY 


SOURCES OF DIRECT CURRENT FOR ELECTROCHEMICAL PROCESSES 
F. D. Newbury Vol. xxxiii—1914, pp. 1-12 

Brief statement of the requirements of generators for heavy-current 
low-voltage service. Discussion of relative merits of the various types 
of generator units suitable for electrochemical work, giving the limiting 
features of each type of generator and prime mover. Comparative 
efficiency and cost of various systems. 

Discussion, pages 13-22, by Messrs. G. A. Roush, F. A. Lidbury, F. 
L. Antisell, J. B. F. Herreshoff, C. O. Mailloux, Lawrence Addicks, C. 
H. Vom Baur, H. &, Longwell, F. D. Newbury and F. W. Harris. 

Typical size of units for electrochemical plants. Current density 


and other data in copper deposition. Economy of various types of 
prime movers. 


MINE DUTY CONTROLLERS 
Vol. xxxiii—i914, pp. 367-375 
Discussion of the advisable types of control to be used for various 
mining equipment, particularly in bituminous coal mines. Operating 


Harrison P, Reed 


al a a 


SYNOPTICAL INDEX 35 


conditions are taken up in detail and proper control equipment suggested 
_to meet these conditions. 

Discussion, pages 376-384, by Messrs. F. L. Stone, Sidney G. Vigo, 
Graham Bright, H. H. Clark, H. D. James, W. C. Kennedy, C. J. E. 
Waxbom, W. M. Hoen, and Arthur S. Biesecker. 

General remarks on control systems for mill work. Oil vs. air-break 
contactors. Explosion-proof cases for switches and motors. 


SELF-CONTAINED PORTABLE ELECTRIC MINE LAMPS 

H. O. Swoboda Vol. xxxiii—1914, pp. 385-396 

General requirements of safety lamp for mines. Description of con- 
struction of groups of prize-winning electric lead storage battery safety 
lamps. Method of caring for lamps and batteries. Cost of operation. 

Discussion, pages 397-401, by Messrs. H. H. Clank Lat omuch, 
R. C. Burrows and H. O. Swoboda. 

Advantages of the alkaline battery. 


THE DEVELOPMENT OF THE ELECTRIC MINE LOCOMOTIVE 
G. M. Eaton Vol. xxxiii—1914, pp. 403-414 

Evolution of coal mine locomotive with illustrations. Various types 
of mine locomotives, construction shown and briefly discussed. Also 
brief reference to various types of motors with different methods of 
lubrication and bearing construction. Design data plotted to show 
tendency of future development. 

Discussion, pages 415-429, by Messrs. W. W. Miller, C. W.. Beers, 
Carl J. E. Waxbom, Graham Bright, F. L. Stone, G. M. Eaton, L. J. 
Ilsley, W. A. Thomas, G. H. Shapter, E. H. Martindale, and N. W. 
Storer. j 

General remarks on constructional features of mine locomotives. 
Data on costs, repairs and troubles from actual experience. Experience 
with ball bearings. 


MINE SUBSTATIONS 

2 Motor-Generator Sets vs. Synchronous Converters 
Will M. Hoen Vol. xxxiii—1914, pp. 431-437 

Comparison of synchronous converters, synchronous motor-generators 
and induction motor-generators as to starting characteristics, efficiency 
and performance on mine loads. 

Discussion incorporated with that of paper by H. Booker on ‘‘Mine 
Substations—Their Construction and Operation.” 


MINE SUBSTATIONS 
Their Construction and Operation 
H. Booker : Vol. xxxiii—1914, pp. 439-444 


Brief practical discussion of layout, operation and maintenance of 
substations around coal mines. List of common defects in design of 
substations and faults in the organization of the operating force. 

Discussion, (including that of paper by Will M. Hoen), pages 445- 
449, by Messrs. W. A. Thomas, P. M. Lincoln, N. Stahl and Will M. 


Hoen. 
Use of synchronous converters in mines. Load characteristics of 


mines. 
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MAGNETIC AND OTHER PROPERTIES OF ELECTROLYTIC IRON MELTED IN 
VACUO 
Trygve D. Yensen Vol. xxxiii—1914, pp. 451-475 
Brief mention of early work done in the study of magnetic properties of 
ironandironalloys. Description of the construction of vacuum furnace 
for melting iron and permeameter for testing short bars. Account of 
methods of preparing specimens and testing their magnetic properties. 
Effect of heat treatment on magnetic properties shown by curves and 
tables. Discussion of equilibrium diagram of-iron-carbon alloys with 
special reference to magnetic properties. 
No discussion. 


ELECTRICITY THE FUTURE POWER FOR STEERING VESSELS 
H. L. Hibbard Vol. xxxiii—1914, pp. 619-648 

Brief description of steam steering gear and recital of disadvantages, 
followed by advantages of electric system. Brief historical resume of 
electric steering gear installations. Description of installations on 
Battleship Texas, giving calculations of horse power and results of tests. 
Actual recording ammeter curves. 

Discussion, pages 649-657, by Messrs. G. A. Pierce, Jr., Mathias 
Pfatischer, Maxwell W. Day, R. A. Beekman, H. L. Hibbard and H. 
A. Hornor. 

Early installations on Russian warships. Defense of Pfatischer elec- 
tric steering system. Advantages of motor-generator steering systems. 
Disadvantages of contactor type of electric steering gear. 


THE FUTURE OF ELECTRIC HEATING AND COOKING IN MARINE SERVICE 
H. J. Mauger Vol. xxxiii—1914, pp. 659-668 

General remarks on use and future of electric cooking on board ship. 
Brief description of equipment of battleship Texas and results of tests 
of power consumption. Advantages of electric cooking and heating. 

Discussion, pages 669-672, by Messrs. W. S. Hadaway, E. F. Dutton, 
H. J. Mauger and Frank T. Leilich. 

Disadvantages of electric cooking on board ship. Difficulties of 
building resistors for high surface temperatures. 


EFFECT OF ELECTROLYSIS ON THE COMPRESSIVE STRENGTH OF CEMENT 
AND CONCRETE 
C. Edward Magnusson and B. Izhuroff Vol, xxxiii—1914, pp. 673-684 
Results of prolonged tests to corroborate results given in former paper 
(Vol. XXX, page 2055). Description of apparatus and tabulation of 
results. 
No discussion. 


ELECTRIC HEATING AS APPLIED TO MARINE SERVICE 

C. S. McDowell and D. M. Mahood Vol. xxxiii—1914, pp. 839-850 

A comparison of convection and radiant heaters, the proper use of 
each type being shown, for space heating on shipboard with metal decks 
and bulkheads. 

Curves showing results obtained on tests to determine the best type 
of heater for shipboard and desirable features of heater are indicated. 

Discussion, pages 851-855, by Messrs. W. S. Hadaway, Jr., Alfred 
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E. Waller, Charles D. Knight, D. B. Rushmore, F. C. Caldwell, D. 
M. Mahood, and H. A. Hornor 

Results of electric heating tests at the University of Nebraska. Rela- 
tive merits of open-coil and enclosed heater units. 


THE ELECTRICALLY DRIVEN GYROSCOPE IN MARINE WORK 
H. C. Ford Vol. xxxiii—1914, pp. 857-871 

Definition of gyroscope and brief statement of practical uses to which it 
has been put. 

A general description of the gyro-compass as adopted by the United 
States Navy for use on all the battleships and submarine vessels, and of 
the many electrical and mechanical devices that have been developed by 
E. A. Sperry to perform the various functions whereby an instrument 
of great precision has been secured. 

Brief mention of large gyroscopes which are capable of counteracting 
enormous wave forces and completely stabilizing any ship against rolling 
in the heaviest seas. 

Discussion, page 872, by Messrs. Alfred E. Waller and H. C. Ford. 

Remarks on stabilizing action of gyroscope. 


DIRECT-CURRENT MOTORS FOR COAL AND ORE BRIDGES 


R. H. McLain Vol. xxxiii—1914, pp. 873-884 


Brief description of the mechanical arrangement of a coal bridge. 
Performance characteristic curves and discussion of type of motors suited 
to the work and the proper methods of gearing the motor for most econom- 
ical results. 

Discussion, pages 885-886, by Messrs. D. B. Rushmore, S. C. Lindsay, 
T. E. Tynes and R. H. McLain. 


CONCATENATED INDUCTION MOTORS FOR ROLLING MILL DRIVE 
William O. Oschmann " Vol. xxxiii—1914, pp. 899-920 
Description of a six-speed concatenated induction motor set for driving 
the finishing rolls of a 12-stand continuous mill and analysis of the condi- 
tions that determined choice of prime mover and motor drive control. 
Load diagrams and power characteristic curves. 
Discussion, page 921, by Messrs. Rudolph Tschentscher, ay Ba dbyaes 


and A. E. Averrett. 


STERILIZATION OF WATER BY ULTRA-VIOLET RAYS OF THE MERCURY-VAPOR 
QUARTZ LAMP 
M. von Recklinghausen Vol. xxxiii—1914, pp. 1217-1230 
Sources, measurement and properties of ultra-violet light. Reference 
to development of mercury lamp water sterilizers and the development 
of pistol lamps for large sterilizing units. 
Description of two typical installations, one in Europe, one in America. 
Data on the power consumption for the sterilization of water by ultra- 
violet rays. 
Discussion, pages 1231-1242, by Messrs. Morgan Brooks, Theodore A. 
Leisen, William B. Jackson, M. von Recklinghausen, Alfred Jerz and 
A. E. Walden. 


General remarks on the sterilization of water by ultra-violet rays and 
ozone gas, Operating results with ozone gas plant. 
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ELECTRICITY IN THE LUMBER INDUSTRY 
E. F. Whitney Vol. xxxiii—1914, pp. 1315-1354 

Description of the lumbering industry as carried on in Washington and 
Oregon, and the application of electric power to the various operations 
carried on under the two main divisions of logging and milling. Typical 
applications illustrate types of motors and power transmission equipments, 
and the average power demands of the various logging operations and 
milling processes. In addition to the machines used in ordinary sawmill 
work, those used in planing mills and shingle mills are described. The 
question of the disposition of waste is considered, and comparative fuel 
values are given. The illustrations show logging operations and electri- 
cally driven saws, finishing machinery and lumber-handling machinery 
in the Pacific Coast lumber districts. 

Discussion, pages 1355-1367, by Messrs. Scott, A. A. Miller, F. D. 
Weber, J. B. Fisken, L. T. Merwin, Mr. Cheek, A. Norman, W. H. R. 
Fraser, John Harisberger and E. F. Whitney. 

Practice in electric operation of saw mills. 

APPLICATION OF ELECTRIC MOTORS TO GOLD DREDGES 
Girard B. Rosenblatt Vol. xxxiii—1914, pp. 1405-1416 


Classification of gold dredges and outline of requirements for electric 


operation. Choice of motor and specifications for design of digging motor. . 


Discussion, pages 1417-1427, by Messrs. Ford W. Harris, M. H. Gerry, 
Jr., F. A. Ross, L. K. Armstrong, W. M. Shepard, A. A. Miller and G. B. 
Rosenblatt. 

Experience with electric dredges. 


ELECTRICAL FEATURES OF THE U. S. RECLAMATION SERVICE 
F. H. Newell Vol. xxxiii—1914, pp. 1609-1624 

Brief outline of electrical development problems of the Reclamation 
Service, followed by short descriptions of the chief developments. Tabu- 
lated data on the electrical installations and power plants of the Re- 
clamation Service. 

Discussion, pages 1625-1629, by Messrs. Paul Spencer, Ralph W. Pope, 
J. E. Kershner, P. M. Lincoln, H. A. Hornor, Vladimir Karapetoff, Carl 
Hering, Mr. Bender, H. Goodwin, Jr. and F. H. Newell. 

General remarks on the cost of energy for hydroelectric developments. 


21. TELEPHONY AND TELEGRAPHY 


TRAFFIC STUDIES IN AUTOMATIC-SWITCHBOARD TELEPHONE SYSTEMS 
W. Lee Campbell Vol. xxxiii—1914, pp. 309-318 

Methods of observing traffic. Description of traffic-recording machine. 
Relative efficiency of trunk groups as shown by traffic recorder. Study 
of loads and determination of grouping of trunks. Charts and equations. 

Discussion, incorporated with that of paper by MiaE. Clappronm aA 
Comparison of the Telegraph with the Telephone as a Means of Com- 
munication in Steam Railroad Operation.” 


A COMPARISON OF THE TELEGRAPH WITH THE TELEPHONE AS A MEANS OF 
COMMUNICATION IN STEAM RAILROAD OPERATION 

M. H. Clapp Vol. xxxiii—1914, pp. 319-338 

Brief historical description of the use of telegraph and telephone on 

railroads. Description of typical railroad telegraph system. Cost and 
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method of operation. Discussion of advantages and disadvantages of 
telegraph for railroad work. Description of typical railroad telephone 
plant, cost and method of operation, followed by discussion of advantages 
and disadvantages. Comparison of telegraph with telephone for hand- 
ling railroad traffic and business. 


Discussion (including that of paper by W. Lee Campbell), pages 339- 
351, by Messrs. William Maver, Jr., William E. Harkness, R. N. Hill, 
D. P. Grace, John B. Taylor, W. Lee Campbell, M. H. Clapp and Donald 
MeNicol. 

General remarks on use of telephone and telegraph on railroads. Use 
of composite telephone and telegraph circuits. Cost of phantom circuits. 
Speed and efficiency of telegraph compared with telephone. 


EXPERIENCE OF PACIFIC GAS AND ELECTRIC CO. WITH THE GROUNDED 
NEUTRAL 


J. P. Jollyman, P. M. Downing and F. G. Baum Vol. xxxiii—1914, pp. 767-772 


Outline of the distributing system of the Pacific Gas and Electric Com- 
pany of California which operates at 60 kv., the transformers being Y- 
connected, with the neutrals solidly grounded. 

Discussion (including that of papers by Louis F. Blume and Charles 
Fortescue), pages 773-802, by Messrs. Guido Semenza, F. F. Brand, W. 
W. Lewis, V. M. Montsinger, C. M. Davis, L. F. Blume, H. 5. Osborne, 
F. E. Haskell, H. S. Osborne, C. O. Mailloux, E. E. F. Creighton, John B. 
Taylor, F. C. Green, P. M. Lincoln, D. W. Roper, F. W. Peek, Jirs, Jake 
Werth, C. L. Fortescue and Max H. Collbohm. 

Summary of transformer connection practice in Italy. Classification 
of high tension transmission systems of the world on basis of star and 
delta. Operating results of six great transmission systems. Results of 
tests on effect of capacity and inductance upon third harmonics in star 
auto-transformers. Comparison of star and delta from point of view of 
telephone disturbances. The problem of insulating transmission lines. 


A HIGH-SPEED PRINTING TELEGRAPH SYSTEM 


Carl Kinsley Vol. xxxiii—1914, pp. 1243-1253 


Description of a system of high-speed printing telegraphy devised 
by the author. Brief mention of a number of high-speed systems which 
have been tested by the operating companies, none of which have com- 
pletely fulfilled all the requirements for accuracy, rapidity and low 
cost desirable for commercial work. 

Discussion, pages 1254-1261, by Messrs. C. R. Underhill, Ralph W. 
Pope, George S. Macomber and Carl Kinsley. 

Underhill printing telegraph. Additional information on the Kinsley 
system. 

TOLL TELEPHONE TRAFFIC 
hip between Circuit Loads and Delay to Traffic. 


An Experimental Study of the Relations 
Vol. xxxiii—1914, pp. 1263-1270 


Frank F. Fowle 
Description of experiments to determine the relationship between 

telephone circuit loads and the corresponding delay to traffic. 
Discussion, pages 1271 and 1272, by Mr. J. Lloyd Wayne, 3rd. 
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REPORT BY THE JOINT COMMITTEE ON INDUCTIVE INTERFERENCE TO THE 
RAILROAD COMMISSION OF THE STATE OF CALIFORNIA 
Vol. xxxiii—1914, pp. 1441-1485 
Brief account of the formation of the Committee, its activities and 
results accomplished and recommendations for rulings by the Railroad 
Commission of the State of California, together with a scientific technical 
discussion in explanation of the results and recommendations. 
Discussion, pages 1486-1508, by Messrs. P. N. Nunn, J. B. Fisken, 
A. H. Halloran, A. J. Bowie, Geo. S. Humphrey, J. C. Martin, L. J. 
Corbett, Chas. P. Kahler, L. T. Merwin, C. E. Rogers, A. J. Bowie, Jr. 
and A. H. Babcock. 
Criticism and defense of the rules. Question of partisanship in the 
drafting of the rules. : 


SUBMARINE SIGNALING 
The Protection of Shipping by a Wall of Sound and Other Uses of the Submarine Telegraph 


Oscillator 


R. F. Blake ' Vol. xxxiii—1914, pp. 1549-1561 


Dangers of the sea. Outline of development of underwater signaling. 
Description of Fessenden oscillator and uses to which it may be put. 
Report of Capt. Quinan on equipment of U. S. revenue cutter Miami. 

Discusston, pages 1562-1565, by Messrs. W. S. Franklin, H. J. W. 
Fay, Elmer A. Sperry, G. A. Hoadley, H. A: Horner, George Breed, 
John B. Taylor and J. L. Woodbridge. 


22. MISCELLANEOUS TOPICS 


THE EVOLUTION OF THE INSTITUTE AND OF ITS MEMBERS 
President’s Address 
C. O. Mailloux Vol. xxxiii—1914, pp. 817-838 
STANDARDIZATION RULES 
Vol. xxxiii—1914, pp. 1787-1883 
ANNUAL REPORT OF THE BOARD OF DIRECTORS 
Vol. xxxiii—1914, pp. 1895-1921 
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Railways, electric (continued) 
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Saw mill (continued) 
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